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ABSTRACT 

The operating characteristics of Guide Surface, FIST Ribbon,  and 
Rotafoil parachutes tested in the high subsonic and transonic speed range 
from 450 to 862 mph are described.    Associated problems such as deploy- 
ment systems and harness design, encountered in parachute operation, are 
also discussed.    Operational and design information obtained from the var- 
ious parachutes tested is intended for application to the design of parabrakes 
capable of withstanding initial high velocity deployment,  and decelerating a 
high velocity missile to a relatively low-speed range where a larger par- 
achute can be deployed to accomplish safe recovery.    All test parachutes 
were designed to have a drag area of 28 sq ft.    Material strengths and con- 
structional details were varied throughout the test program to provide par- 
achutes of saiaJM— bulk and weight commensurate with adequate  strength 
characteristics for operations at the desired velocities.    The tests were 
conducted with a liquid fuel rocket powered vehicle on the 10, 000 foot Free 
Air Test Facility Track at Edwards Air Force Base,  Edwards,  California. 
The data obtained during the test program included inflation times, opening 
shock factors, drag forces, inflated diameters,  and stability of the par- 
achutes at various velocities.    This work is a continuation of the program 
reported in Air Force Technical Report 5853 (Parts I and II) in which sim- 
ilar tests were made for speed ranges up to 500 mph. 

PUBLICATION REVIEW 

This report has been reviewed and is approved 

FOR THE COMMANDER: 

Warren P. Shepardson 
Chief, Parachute Branch 
Equipment Laboratory 
Directorate of Development 
Wright Air Development Center 



TABLE OF CONTENTS 

Page 

I Introduction  1 

II Test Conditions        3 

A. Test Facility  3 

B. Test Program  3 

C. Parachutes  4 

O.        Instrumentation  5 

E.        Deployment System       6 

III Conclusions  7 

IV Parachute Characteristic Results  9 

A. General       9 

B. Guide Surface Stabilization Parachutes   .... 12 

C. Guide Surface Ribless Parachute  14 

D. FIST Ribbon Parachutes  17 

E. Rotafoil Parachutes  24 

Appendix A - Guide Surface Stabilization Parachute 26 

Appendix B - Guide Surface Ribless Parachute   ... 35 

Appendix C - FIST Ribbon Parachute  50 

Appendix D - Rotafoil Parachutes  82 

Appendix E - Deployment Systems, Harness 
and Hardware  91 

vi 



TABLE OF CONTENTS (cont'd) 

Page 

Appendix F - Description of Test Vehicle  113 

Appendix G - Instrumentation  118 

Bibliography  126 

vii 



LIST OF ILLUSTRATIONS 

Figure Page 

1 Range of Deployment Velocities Covered With 
Various Types of Parachutes in Test Which 
Resulted in Normal Deployments and no Par- 
achute Damage       10 

2 Idealized Parachute Dynamic Characteristics            II 

3 General Dynamic Characteristics-Guide Surface 
Stabilization Parachute       13 

4 General Dynamic Characteristics-Twelve Gore 
Guide Surface Ribless Parachute            16 

5 Opening Shock Force (F0) vs. Dynamic Pressure 
at Snatch (q^) for Guide Surface Ribless Parachutes    ...      17 

6 Relationship Between Time to Maximum Force (tw,) 

and Deployment Velocity (Va) for Guide Surface 
Ribless Parachutes       18 

7 General Dynamic Characteristics-FIST Ribbon 
Type 124-17 Parachute       20 

8 Range of Deployment Velocities for Various FIST 
Ribbon Parachute Types Tested       21 

9 Variation of Average Angular Displacement (R) 
with Geometric Porosity (X g)-FIST Ribbon Parachutes .  .      22 

10 Variation of Steady-State Drag Coefficient (CD  ) 
with Geometric Porosity (X g) for FIST Ribbon 
Parachute Types       23 

11 Average Dynamic Characteristics of FIST Ribbon 
Types 122 and 123 Parachutes with Different Line- 
Length Configurations       24 

viii 



LIST OF ILLUSTRATIONS (cont'd) 

Figure Page 

12 Deployment Sequence-Guide Surface Stabilization 
Parachute        26 

13 Design Profile-Guide Surface Stabilization 
Parachute        27 

14 Ring Type Skirt Connection for Guide Surface 
Stabilization Parachute        28 

15 Summary Data-Guide Surface Stabilization 
Parachutes (Test Run Nos.   31 and 54)        32 

16 Summary Data-Guide Surface Stabilization 
Parachutes (Test Run Nos.   39 and 49)        33 

17 Panel Shapes and Basic Dimensions of the 12 and 
16 Gore Guide Surface Ribless Parachute        35 

18 Deployment Sequence-Guide Surface Ribless 
Parachute        36 

19 Summary Data-Guide Surface Ribless Parachute 
(Test Run No.   15)    .      41 

20 Summary Data-Guide Surface Ribless Parachute 
(Test Run No.   11)        42 

21 Summary Data-Guide Surface Ribless Parachute 
(Test Run Nos.   17 and 19)        44 

22 Summary Data-Guide Surface Ribless Parachute 
(Test Run Nos.   30 and 40)        45 

23 Summary Data-Guide Surface Ribless Parachute 
(Test Run Nos.  45,   52,   58,  and 63)        47 

ix 



LIST OF ILLUSTRATIONS (cont'd) 

Figure Page 

24 Guide Surface Ribless Parachute with Spoiler 
Flaps       48 

25 Summary Data-Guide Surface Ribless Parachute 
(Test Run Nos.   60 and 62)       49 

26 Typical FIST Ribbon Parachute in Operation on 
Test Vehicle       51 

27 Panel Layout-FIST Ribbon Parachute       52 

28 Summary Data-FIST Ribbon Parachute Type 107, 
107A and 107B       58 

29 Summary Data-FIST Ribbon Parachute Type 118       61 

30 Deployment Sequence-FIST Ribbon Parachute 
Type 119       62 

31 Summary Data-FIST Ribbon Parachute Type 119       63 

32 Deployment Sequence-FIST Ribbon Parachute 
Type 121       64 

33 Summary Data-FIST Ribbon Parachute Types 122 
and 123       66 

34 Deployment Sequence-FIST Ribbon Parachute 
Type 123 (L8/D0 = 1)        69 

35 Inflation Sequence-FIST Ribbon Parachute 
Type 123 (La/D0 = 1)       70 

36 Deployment Sequence-FIST Ribbon Parachute 
Type 122 (L8/D0 = 2)       71 

x 



LIST OF ILLUSTRATIONS (cont'd) 

Figure Page 

37 Inflation Sequence-FIST Ribbon Parachute 
Type 122 (L,/DQ = 2)        72 

38 Summary Data-FIST Ribbon Parachute 
Type 124-10       74 

39 Summary Data-FIST Ribbon Parachute 
Type 124-17        75 

40 Deployment Sequence-FIST Ribbon Parachute 
Type 124-10        77 

41 Summary Data-FIST Ribbon Parachute 
Type 125        78 

42 Summary Data-FIST Ribbon Parachute 
Type 126        81 

43 Basic Gore Layout-Rotafoil Parachute             83 

44 Elements and Geometry-Rotafoil Parachute        84 

45 Deployment Sequence-Rotaf oil Parachute Type 
B7-8-20 (Teat Run No.   32)        88 

46 Force and Diameter Curves-Rotaf oil Parachute, 
Type B7-8-20(Test Run No.   32)        89 

47 Force and Diameter Curves-Rotaf oil Parachute, 
Type B7-8-20 (Test Run NOB.   56 and 57)        90 

48 Damaged B7-8-20 (Modified) Rotafoil Parachute 
after Test Run No.   56        90 

49 Damaged B7-8-20 (Modified) Rotafoil Parachute 
after Test Run No.  57        90 



LIST OF ILLUSTRATIONS (cont'd) 

Figure Page 

50 Ejection Sequence from Cylindrical Compartment        95 

51 Cylindrical Parachute Compartment         96 

52 Cylindrical Bag-Packing Procedure and Closure Method  .        96 

53 Typical Deployment from Cylindrical Compartment    ...        97 

54 Diagram of Projectile and Pilot Chute Deployment 
Syatem         97 

55 Deployment Sequence-Projectile and Pilot Chute System  .        98 

56 Small Rectangular Compartment after Test Run No.   16.   .        99 

57 Locking Lever System on Small Rectangular 
Compartment         99 

58 Compartment Cover Release Assemblies  100 

59 Typical Pilot Chute Deployment Bag  101 

60 Solid Bar Locking Lever System .  102 

61 Lock Pin and Stowage Strap Arrangement  102 

62 Revised Solid Bar Locking Lever System  102 

63 Test Parachute Deployment Pack and Packing 
Procedure       103 

64 Flat Rectangular Deployment Pack      104 

65 Deployment Gun Details  105 

66 Vertical Deployment Compartment       106 

xn 



LEST OF ILLUSTRATIONS (cont'd) 

Figure Page 

67 Sequence Photographs-Vertical Deployment 
System  107 

68 Theoretical Trajectory of Parachute Pack Ejected 
Upward from Sled for Various Pack Weights  108 

69 Theoretical Trajectory of Parachute Pack Ejected 
Upward from Sled for Various Ejection Velocities    .... 109 

70 Blast Bag and Test Compartment  109 

71 Curve of Pack Ejection Velocity for Various 
Powder Charges  109 

72 Four-Line Webbing Keeper       110 

73 "Octupus" Keeper  110 

74 Fixed Line Circular Keeper  Ill 

75 Parachute Attachment and Severance Device  Ill 

76 Rotafoil Parachute Swivel Assembly  112 

77 Test Vehicle at Track Station "O"  113 

78 Vehicle Outline Drawing Showing Basic Dimensions     ... 114 

79 Basic Structure of Test Vehicle         116 

80 Schlieren Photographs of Wind Tunnel Test Model    .... 117 

81 Instrumentation Block Diagram  119 

82 Typical Oscillograph Records  120 

xiii 



LIST OF ILLUSTRATIONS (cont'd) 

Figure Page 

83 Test Vehicle Instrumentation Compartments  121 

84 Playback System Block Diagram       122 

85 Playback Consoles  123 

86 Trackside Photographic Coverage  125 

87 Schematic Diagram of Automatic Sled Shutdown 
Device       125 

xiv 



LIST OF TABLES 

Table Pag< 

1 General Parachute Characteristics         10 

2 Performance Characteristics of Guide Surface 
Stabilization Parachute,   Type III Cloth        12 

3 Performance Characteristics of the 12 Gore Guide 
Surface Ribless Parachutes,  Type III Cloth        15 

4 Performance Characteristics of the FIST Ribbon 
Type 124-17 Parachute        19 

5 Performance Characteristics of FIST Ribbon Type 
122 and 123 Parachutes             23 

6 Physical Details of Guide Surface Stabilization 
Parachutes        29 

7 Materials Used in Guide Surface Stabilization 
Parachutes         30 

8 Test Results of Guide Surface Stabilization 
Parachutes        31 

9 Physical Details of Guide Surface Ribless Parachutes    ...        37 

10 Materials Used in Guide Surface Ribless Parachutes   .... 38 

11 Test Results of Guide Surface Ribless Parachutes  40 

12 Physical Details of FIST Ribbon Parachutes       53 

13 Materials Used in FIST Ribbon Parachutes  54 

14 Test Results of FIST Ribbon Parachutes       55 

15 Performance Characteristics of FIST Type 107 
Parachute         56 

xv 



LIST OF TABLES 

Table Page 

16 Performance Characteristics of FIST Types 122 
and 123 Parachutes         67 

17 Performance Characteristics of FIST Type 124 
Parachute         76 

18 Performance Characteristics of FIST Type 125 
Parachute         79 

19 Performance Characteristics of FIST Type 126 
Parachute         80 

20 Physical Details of Rotafoil Type B7-8-20 
Parachute         85 

21 Materials Used in Rotafoil Type B7-8-20 
Parachute         86 

22 Performance Characteristics of Rotafoil Type 
B7-8-20 Parachute         87 

23 Deployment Systems Used on Test Program         93 

24 Transducers and Quantities Measured       124 

25 Sledborne Photographic Equipment            124 

xvi 



LIST OF SYMBOLS 

Quantity Units 

a* Speed of sound in air fps 

Cj) Drag coefficient of parachute based on theoretical 
projected area of canopy - (dimensionless) 

CDO Drag coefficient of parachute based on total canopy 
area (S0) - (dimensionless) 

D0 Nominal diameter of parachute - equal to the diam- 
eter of a circle whose area is equal to the total 
canopy area (S0) of the parachute ft 

Dp Theoretical projected diameter of a fully inflated 
parachute ft 

Dp,* Instantaneous projected diameter of parachute ft 

DP1 (   )w*     Primary maximum diameter ratio 
Dp   'M 

DPl 
(  )   *     Average steady state diameter ratio 

Dp    A 

F Drag force of parachute as transmitted to sled lb 

FQ Peak opening shock force lb 

F8* Peak snatch force lb 

M Mach number lb 

q Dynamic pressure, '-  lb/sq ft 

qc Impact pressure,   compressible 

* Indicates that the definition is not included in the Parachute Handbook 
(Ref.   1) or that the definition in the Handbook has been modified. 

xvii 



LIST OF SYMBOLS 
(cont'd) 

Quantity Units 

q0* Dynamic pressure corresponding to the velocity 
of the sled at peak opening shock force lb/sq ft 

qg Dynamic pressure corresponding to the velocity 
of the sled at peak snatch force lb/sq ft 

F/qS Instantaneous force ratio (SQ or Sp used as the case 
may be) 

R Angular displacement of parachute from a longitudinal 
axis through attachment point degrees 

Rw Angular velocity of parachute about axis of revolu- 
tion rpm 

SQ Total design canopy area of parachute - for Guide 
Surface parachute,  this includes area of ribs and 
skirt;   for Ribbon and Rotafoil parachutes,   S0 is the 
polygon area sq ft 

Sp Theoretical projected area of inflated parachute sq ft 

tf* Time interval from occurrence of peak snatch 
force to the instant when parachute is inflated 
to primary maximum projected diameter sec 

tmi* Time interval from occurrence of peak snatch 
force to occurrence of peak opening shock sec 

t8* Time interval from initiation of deployment to 
occurrence of peak snatch force sec 

V Instantaneous velocity fps 

V<j Velocity of sled at instant parachute is deployed mph 

* Indicates that the definition is not included in the Parachute Handbook 
(Ref.   1) or that the definition in the Handbook has been modified 

xviii 



LIST OF SYMBOLS 
(cont'd) 

Quantity Units 

V, Velocity of sled at peak snatch force fps 

F0 
X* Opening shock factor (dimensionless),   ( 

^sCDSp 
o or   —— —       where the reference drag area is 

<IscD0
so 

the average steady state value). 

^ £ Cloth permeability of Guide Surface parachutes; 
equal to the number of cubic feet per minute of air 
passing through a square foot of fabric due to a 
pressure difference equivalent to 1/2 inch of water 

\g Geometric porosity of the parachute.    Considered 
equal to total porosity (\ t) for parachutes of heavy 
construction % 

v Kinematic viscosity of air sq ft/sec 

p Density of air slugs/cu ft 

* Indicates that the definition is not included in the Parachute Handbook 
(Ref.   1),   or that the definition in the Handbook has been modified. 

xix 



I.   INTRODUCTION 

The use of parachute recovery systems on supersonic test missiles 
and target aircraft is well established for effecting sayings in expense and 
time as well as for the recovery of information not otherwise obtainable. 
In order to obtain data on parachute operation for such applications, a 
comprehensive research program was initiated.    The majority of the effort 
has been spent on study and tests of small heavy duty parachutes suitable 
for deployment at high velocity as the first stage of a multistage recovery 
system.    The operation of large parachutes such as would be employed at 
lower speeds as the final parachute in a multistage recovery system has 
been studied in conjunction with other problems,  such as aerial cargo de- 
livery. 

This report, the third in the series concerned with development of 
parabrakes suitable for deployment in the transonic speed range, is a con- 
tinuation of earlier tests conducted with rocket powered test vehicles on 
the 10, 000 foot Free Air Test Facility Track at Edwards Air Force Base, 
California. 

The first phase of the problem was concerned with parachutes of ap- 
proximately 28 sq ft drag area, designed for operation at 400 mph with a 
factor of safety of 1.5.    This series of tests was conducted with a track- 
borne solid fuel rocket propelled vehicle as described in Ref.   14,  Part I. 
In order to validate the data obtained from the trackborne vehicle tests and 
obtain data on the effect of parameters that could not be varied on the sled 
program,  a series of tests was conducted with a free-fall missile,  carried 
to a predetermined release altitude by aircraft.   Four general types of par- 
achutes were considered, namely:    the Guide Surface Stabilisation, Guide 
Surface Rib less,  FIST Ribbon, and Rotafoil.    Several variations of each 
type were tested on the trackborne vehicle and the four parachutes which 
showed the best operational characteristics were tested on the free-fall 
vehicle,  described in Ref.   14,  Part II. 

Manuscript released by the author December 1956 for publication as a 
WADC Technical Report. 



Phase II of the project is concerned with high subsonic and tran- 
sonic parachute tests conducted at the Free Air Test Facility, Edwards 
Air Force Base,  California.    These tests utilized a trackborne, liquid 
fuel rocket powered test vehicle as described in Appendix F. 

The following is a report of these tests at deployment velocities up 
to 862 mph (Mach 1. 11). 



II.     TEST CONDITIONS 

A. Test Facility 

In order to duplicate Phase IA test conditions, Phase II was conducted 
at the same 10, 000 foot Free Air Test Facility Track at Edwards Air Force 
Base, California. Parachutes were tested by deploying them from a spe- 
cially designed Liquid Fuel Rocket Powered test vehicle at a predetermined 
velocity and location along the track. A complete description of the vehicle 
is given in Appendix F. 

B. Test Program 

A series of 63 parachute tests was conducted at deployment velocities 
ranging from approximately 450 mph to 862 mph T.A. S.    To determine op- 
erational limits and characteristics of each configuration tested,  deployment 
velocity,   structural details,  and geometric parameters were varied in the 
tests.    The first parachutes of each type tested were structurally strength- 
ened versions of the best designs derived from Phase I tests.    As the pro- 
gram continued,   design changes were made to obtain improvements in oper- 
ational and strength characteristics of the parachutes. 

Various factors imposed limitations to the test program which should 
be considered when reference is made to the test data herein.    These lim- 
itations are listed below: 

(1) Parachute Size - limited to approximately 28 sq ft drag area 

(2) Deployment Velocity - limited to increments between medium 
subsonic to mid-transonic, the upper range being determined by the 
maximum velocity of the test vehicle 

(3) Altitude - limited to ground elevation at the test facility,   (2300 
feet above sea level) 

(4) Parachute Stability - measured with respect to a fixed attach- 
ment point on the sled 

(5) Infinite Mass - vehicle mass so great in comparison to parachute 



area that little velocity change occurred during opening process. 

Results of each test were included in the Cook Research Laboratories1 

progress reports (Ref. 15). General characteristics and performance of the 
parachute types tested are presented in Section IV of this report and detailed 
summaries of test results by parachute type are included in Appendices A, 
B, C,  and D. 

C. Parachutes 

All parachutes tested in the program were designed to have a drag 
area of approximately 28 sq ft with ultimate structural quality able to with- 
stand deployment and operation at transonic velocities. 

Four general parachute types were considered: 

(1) Guide Surface Stabilization 

This type of parachute is manufactured from solid cloth and has 
a relatively flat roof canopy with a conical surface shaped as an in- 
verted truncated cone below the roof portion of the canopy.    Internal 
cloth ribs define the canopy shape and separate the suspension lines 
from the canopy,   making the shape relatively independent of the sus- 
pension line arrangement.    Several variations of this general type were 
considered during the test period.    A description,  together with test 
data obtained for these parachute types,  is given in Appendix A. 

(2) Guide Surface Ribless 

The Guide Surface Ribless parachute,  like the Guide Surface 
Stabilization,  is manufactured in solid cloth form and has a conical 
surface shaped as an inverted truncated cone below the roof portion of 
the canopy.    Instead of internal cloth ribs to contain the suspension 
lines,  the roof and guide surface panels are fabricated so that the can- 
opy assumes the proper geometric shape when inflated.    Suspension 
lines are attached along the roof panel seams on the exterior of the 
parachute.    A description of the various configurations tested and test 
data obtained for these parachute types are given in Appendix B. 

(3) FIST Ribbon 

The FIST Ribbon parachute is basically a flat circular canopy 
composed of concentric bands of ribbon parachute material,   supported 



by smaller,   symmetrically spaced vertical ribbons and by radial bands 
at the side of each panel.    These bands transmit the aerodynamic loads 
from the ribbons to the attached suspension lines.    A complete descrip- 
tion of a ribbon parachute panel assembly is given in Appendix C,  to- 
gether with test data and description of the various configurations stud- 
ied in the program. 

(4)       Rotafoil 

The term Rotafoil significantly describes the parachute type since 
it is a derivation from the words rotating air foil.    This parachute is in 
the flat circular category with panels fabricated of solid cloth.    Radial 
openings in each gore transform the canopy into a system of sails which 
cause rotation of the parachute during normal operation.    Typical panel 
assemblies and geometric properties of this type of parachute are de- 
scribed in Appendix D.    Test results of the two configurations investi- 
gated in the program are also presented in Appendix D. 

Instrumentation 

Complete instrumentation was carried on the test vehicle during each 
test. 

A magnetic tape recording system provided records of the following 
parameters: 

(1) Drag Force 

(2) Impact Pressure 

(3) Acceleration 

(4) Time 

(5) Position. 

From these parameters other pertinent information such as opening 
shock force,  inflation time,   and velocity was determined.    Measurements of 
parachute area and stability were obtained from sledborne high-speed motion 
picture camera films.    These were synchronized to tape recorded informa- 
tion,  by common time and position impulses. 

Additional operational information was obtained with stationary still, 



sequence,  and high-speed motion picture cameras. 

A detailed description of the instrumentation and photographic equip- 
ment employed in the tests is presented in Appendix G. 

E.        Deployment System 

The parachute deployment system including associated harness and 
hardware,  was considered to he operationally equal in importance to the par- 
achutes being tested.    During the program three basic methods of parachute 
deployment were utilized with variations in each method being introduced as 
needed.   Generally, these three methods were: 

(1) Forceful expulsion - rearward 

(2) Projectile and pilot parachute deployment - rearward 

(3) Forceful expulsion - perpendicular to airstream - to simulate a 
missile side deployment system. 

A complete description of these systems as used in each test run is 
given in Appendix £ together with pertinent details of associated harness and 
hardware utilized with each system.    Also included is a description of the 
parachute attachment and separating device designed for the test vehicle and 
used throughout the test program. 



in.      CONCLUSIONS 

The only parachutes which operated satisfactorily during the 13 tests 
conducted with the Guide Surface Ribless parachute were of the 12 gore heavy 
construction classification.    These were tested at widely varying velocities. 
Steady state drag coefficient was 0.80 and opening shock factor averaged 
1. 55.    Stability of the parachutes was good,   with maximum displacements 
less than 5 degrees. 

Average data cannot be given for the 16 gore version since all tests 
conducted with this configuration resulted in structural failure or incomplete 
inflation. 

The maximum velocity at which a Guide Surface Ribless parachute was 
deployed with complete inflation and without major damage was 802 mph. 

Within the limits of strength capabilities the Guide Surface Stabiliza- 
tion parachutes exhibited good operation characteristics.    Steady state drag 
coefficient (CD) averaged 1. 05,   and opening shock factor (X) was 1.19 for the 
12 gore parachute and 0.94 for the 16 gore version.    Stability for both con- 
figurations was excellent. 

Although the general construction of the Guide Surface Stabilization par- 
achute gives comparatively high weight and bulk for a given diameter,  the 
high drag coefficient and low opening shock factor make it as efficient as the 
Ribless type. 

The maximum velocity at which a Guide Surface Stabilization parachute 
was successfully operated was 753 mph. 

Five of the 12 FIST Ribbon parachute types tested exhibited satisfac- 
tory performance characteristics in the transonic speed range.    The five 
successful types had porosities between 21 and 24% with minor variations in 
vertical and horizontal ribbon spacing and had steady state drag coefficients 

between 0. 45 and 0. 55 when tested with standard   [ —   =1]   line lengths. 

Tests of the Types 122 and 123 parachutes indicate that a change in 



s -^s • suspension line length from   — = 1 to —   = 2 resulted in an increase in 
Do DQ 

drag coefficient of approximately 20%,  no change in opening shock factor, 
and a slight decrease in stability. 

The Type 124-17,  with a porosity ( X g) of 21.15% exhibited the best 
and most consistent over-all characteristics.    Steady state drag coefficient 
(CDO) averaged 0.52 and opening shock factor (X) averaged 0.94. 

Successful operation of FIST Ribbon parachutes was attained at veloc- 
ities up to and including 838 mph. 

Based on results of the five tests conducted with the Rotafoil parachutes 
it is evident that additional testing will be required to develop a structurally 
and aerodynamic ally efficient Rotafoil parachute capable of operation in the 
transonic speed range. 

8 



IV.     PARACHUTE CHARACTERISTIC RESULTS 

A.        General 

General geometric and aerodynamic performance characteristics of 
the parachute types which operated most satisfactorily during the test pro- 
gram are presented in the following paragraphs of this section of the report. 
Detailed summaries of test results are included,  by parachute type,   in the 
respective appendices of the report. 

The parachute test program provided general design information about 
parachute performance in the velocity ranges tested and established prelim- 
inary designs for parachutes suitable for successful deployment in the tran- 
sonic speed range.    Design information obtained included drag coefficients, 
opening shock factors,   inflated diameters,  filling time,   and stability char- 
acteristics of each parachute type.    Values of these parameters for the para- 
chute types successfully tested in the program are presented in Table 1. 

A bar graph showing the deployment velocity ranges through which suc- 
cessful parachute deployment and operation was obtained is illustrated by 
general parachute category in Fig.   1.    Exact deployment velocities of spe- 
cific parachute types can be found in the following paragraphs in this section 
and in the corresponding parachute appendices of this report. 

For ease of comparison of the inflation characteristics of the basic par- 
achute types tested,   idealized curves have been derived from the over-all in- 
flation results of those tests of particular parachute types which exhibited the 
most favorable operational characteristics in their group.    These are illus- 
trated in the curves in Fig.   2 and are representative of the average opening 
characteristics of the parachute types presented.    Additional specific infor- 
mation on the parachutes which exhibited most favorable performance results 
within each particular type group is presented in the paragraphs which follow. 
These paragraphs present the average performance characteristics for a 
particular type of parachute.    Primarily,   such items are given in tabular 
form and include the basic geometric properties as well as the pertinent 
performance parameters.    In addition,   average performance curves which 
represent the average of the summary data performance curves of a partic- 
ular type parachute are presented   with the tabulated data. 



TABLE 1 

GENERAL PARACHUTE CHARACTERISTICS 
GUIDE       SURFACE      PARACHUTES 

TYPE 
NUMBER 

OF 
GORES 

PROJECTED 
DIAMETER 

(Ori 
FEET 

PROJECTED 
AREA 
(Sp) 

SO.  FT. 

DRAG 
COEFFICIENT 

cD 

OPENING 
SHOCK 

FACTOR 
'X' 

DIAMETER       RATIO 
(Dp/Dp)    i    100 

PERCENT 

— STABILITY — 
ANGULAR     DISPLACEMENT 

DEGREES 

DEPLOYMENT 
VELOCITY 

RANGE      TESTED 
(FT. / SEC) AVERAGE PRIMARY MAX MEAN MAX 

STABILIZATION 
TYPE 3TI CLOTH 12 6 5 33 2 104 1 19 972 1026 ISO 3.20 918        * 

STABILIZATION 
TYPE IT CLOTH 

16 6 5 33 2 105 0.94 974 92 5 148 2.17 1104       * 

RIBLESS 
TYPE TH CLOTH 

12 6 5 332 080 1.55 83 0 860 2.70 4.80 912- 1176 

RIBLESS 

TYPE HI CLOTH 
16 6.5 33 2 0.75 1.79 87 5 866 233 5.30 

• • 
1151- 1225 

FIST     RIBBON       PARACHUTES 

TYPE 

GEOMETRIC 
POROSITY 

X, 
PERCENT 

NOMINAL 
DIAMETER 

(Do) 
FEET 

CANOPY 
AREA 
(So) 

SO FT 

DRAG 

COEFFICIENT 

OPENING 
SHOCK 
FAC TOR 

'X ' 

DIAMETER        RATIO 
(Da/Dp)   >     100 

PERCENT 

  STABILITY  
ANGULAR   DISPLACEMENT 

DEGREES 

DEPLOYMENT 
VELOCITY 

RANGE    TESTED 
(FT/SEC) AVERAGE PRIMARY MAX MEAN MAX 

107 1462 860 5660 0.57 1.21 100.0 1048 12 8 143 661-1128 

122-123  (LS/D"I) 2310 8.51 5546 0 50 1.04 994 101   5 3.1 46 MIO- 1227 

122-123 (L^D =2) 23.10 8.51 55 46 0.60 1.04 107.2 III.9 4.6 7.2 1080-II19 

124-10 21.15 8.60 56.60 0.53 1.05 101.7 105.5 5.6 U 923- 1173 

124-17 21.15 8.60 56 60 0.52 0.94 982 100.9 2 2 3.2 1203 - 1218 

125 23.25 B.I5 50.94 0.48 L03 K30.7 101.6 38 6.4 II 74- 1211 

126 2330 892 6090 0 48 091 969 978 22 3.6 1057-1213 

ONE     TEST 

AVERAGE 

ONLY 

OF    TWO    TESTS   IN   WHICH   PAf    _HUTE    NEVER   FULLY   INFLATED 

W////////A W////&:^y///////A W///////////S. 

'tfw/tKPAmi':.***¥*':.** *&'//////, W/M 
yr//, 
'GUIDE    SURFACE   STABILIZATION 

4 
> 

700 750 800 850 900 950 1000        1050 11OO IISO 1200 1230 

 V, (FPS) • 

\ 

Figure 1 Range of Deployment Velocities Covered With Various Types of 
Parachutes in Test Which Resulted in Normal Deployments and 
no Parachute Damage 
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B, Guide Surface Stabilization Parachutes 

Available performance characteristics for the 12 and 16 gore configu- 
ration of stabilization type Guide Surface parachutes are presented in Table 
2.    Both of these parachute configurations were fabricated from MIL-C-8021 

TABLE 2 

PERFORMANCE CHARACTERISTICS OF GUIDE SURFACE 
STABILIZATION PARACHUTE,   TYPE III CLOTH 

PROJECTED   DIAMETER ,  Dp    (ft ) 

PROJECTED   AREA , Sp   ( ft") 

WEIGHT ,  ( lbs ) 

BULK , ( ft* ) 

CLOTH   PERMEABILITY ,  Xf   (AT   DIFFERENTIAL   PRESSURE 
EQUIVALENT   TO Va   INCH     H« 0 ) 

DRAG    COEFFICIENT , CD 

OPENING    SHOCK   FACTOR      ( X ) 

INSTANTANEOUS    DIAMETER   RATIO ( Dp,/Dp)  % 

AVERAGE 

MAXIMUM 

STABILITY,  RADIUS   OF  DISPLACEMENT, (R)   DEGREES 

MEAN 

MAXIMUM 

Type III nylon cloth with a measured permeability of 22. 3 cu ft/sq ft/min at 
a pressure differential of 1/2 inch of water. 

Tabulated and graphical information presented in this section on Guide 
Surface Stabilization parachutes should be evaluated with the knowledge that 
the characteristics shown are representative of only one test in each configu- 
ration group and should be considered as typical rather than average.    With 
the exception of the two tests presented in the summary all Guide Surface 

12 GORE 16 GORE 
6.5 6.5 

33.2 33.2 

27.1 33.0 

1.62 1.67 

22.3 22.3 

1.04 1.05 

1.19 0.94 

97.2 97.4 

102.6 92.5 

1.80 1.48 

3.20 2.17 
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Stabilization parachutes tested in the program suffered severe canopy or line 
damage during inflation. 

The curves in Fig.  3 represent the general dynamic characteristics of 
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Figure 3     General Dynamic Characteristics - Guide Surface 
Stabilization Parachute 

13 



the 12 and 16 gore parachutes tested on test run Nos.   31 and 54,   respec- 
tively.    Averaged curves of the inflation process and transition to steady- 
state operation are presented.    As these curves indicate,  both parachutes 
inflated to a steady state diameter ratio of approximately 97% and attained 
a steady state drag coefficient of approximately 1.05.    Opening shock factor 
of the 12 gore parachute was 1. 19 while the factor for the 16 gore parachute 
was 0.94.    The latter figure may not be representative of the normal opera- 
tion of this parachute since a hesitation was present in the inflation process, 
approximately at time of maximum force.    This irregularity during opening 
is further substantiated by the fact that the instantaneous diameter ratio was 
lower at maximum force than that of the average steady state figure. 

Stability of the Guide Surface Stabilization parachutes was generally 
good.    As shown in Table 2,  the tests considered indicate that the 16 gore 
parachute had slightly better stability characteristics than the 12 gore con- 
figuration. 

C.        Guide Surface Ribless Parachute 

Satisfactory performance of Guide Surface Ribless parachutes was ob- 
tained on only two of 13 tests conducted with various configurations of the 
parachute.    In the remaining tests the parachutes failed structurally or did 
not fully inflate.    The parachutes used in the two tests in which satisfactory 
operation occurred were both 12 gore configurations,   manufactured from 
MIL-C-8021,   Type III nylon cloth with a permeability of 22. 3 cu ft/sq ft/ 
min at a differential pressure equal to 1/2 inch of water.    Average perform- 
ance characteristics for these parachutes from test run Nos.   30 and 40 are 
shown in Table 3.    Average dynamic characteristics are graphically illus- 
trated in Fig.  4. 

The drag coefficient of 0.80 was identical for both tests although the 
opening shock factor of 1. 55 was the average of a high and a low value. 
Parachute stability figures were of normal magnitudes attaining maximum 
displacements slightly under 5 degrees with mean values approximately half 
of this figure. 

The average steady state drag coefficient of similar 12 gore parachutes 
which did not fully inflate was 0. 75 with a corresponding opening shock factor, 
based on the low drag coefficient,   of 1.22. 

All tests conducted with the 16 gore Guide Surface Ribless parachutes 
resulted in structural failure of the parachute or incomplete inflation. 
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TABLE 3 

PERFORMANCE CHARACTERISTICS OF THE 12 GORE GUIDE 
SURFACE RIBLESS PARACHUTES,  TYPE III CLOTH 

PROJECTED    DIAMETER  ,   Dp     ( ft ) 6.5 

PROJECTED    AREA   ,  Sp    (  ft2) 33.2 

WEIGHT ,   ( lbs ) 22.0 

BULK ,  ( ft5 ) 1.25 

CLOTH    PERMEABILITY,   Xf    (AT   DIFFERENTIAL    PRESSURE 22.3 

EQUIVALENT   TO   '/2   INCH     H2 0) 

DRAG    COEFFICIENT  , C0 0.80 

OPENING    SHOCK    FACTOR      (X) 1.55 

INSTANTANEOUS    DIAMETER    RATIO   (Dp,/Dp)   % 

AVERAGE 83.0 

MAXIMUM 86.0 

STABILITY,   RADIUS    OF   DISPLACEMENT, (R )    DEGREES 

MEAN 2.7 

MAXIMUM 4.8 

The graph presented in Fig.  5 shows a plot of opening shock force vs. 
dynamic pressure at peak snatch force for all tests in which Guide Surface 
Ribless test parachutes were successfully deployed.    If the opening shock 
forces of test run Nos.   30 and 40 are based on an opening shock factor equal 
to the average factor attained in the two tests the opening shock force for 
average operation in this series of tests would fall on the solid line indicated 
in the graph.    The locations of the various groups of points on the graph now 
become significantly related to the operational behavior of the various con- 
figurations tested.    For example, the early 12 gore parachutes which did 
not fully inflate appear as an approximately linear group with opening shock 
force values approximately 30% below the average expected values.    Simi- 
larly, the curve also shows that the latter group of 16 gore parachutes,  which 
suffered structural failure during inflation,  failed at or near the expected 
opening shock force values. 
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Figure 4    General Dynamic Characteristics - Twelve Gore Guide 
Surface Ribless Parachute 

Figure 6 is a curve showing the relationship between time to maximum 
load tmi (seconds) and the velocity at snatch force,  V8 (fps).    With the excep- 
tion of one test in this series all values fell within the band shown in the curve. 
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at Snatch 

The bandwidth obtained by enclosing the normal scatter of points indicates 
that a variation of approximately ±0.01 second can be expected for normal 
operation within the velocity range covered by this series of tests. 

D. FIST Ribbon Parachutes 

Of the 12 types of FIST Ribbon parachutes tested in the program,  the 
most favorable characteristics were exhibited by the Type 124 parachute con- 
structed with 2 inch 1700 pound T.  S.  nylon horizontal ribbons and having a 
geometric porosity of 21. 15%.    Average performance characteristics for this 
parachute are presented in Table 4 and average dynamic characteristics are 
presented graphically in the curves in Fig.  7. 

The similarity of inflation characteristics of the tests from which the 
average curve was derived are clearly evident in Parts (a) and (b) of the 
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detailed performance curves in Fig.  39 of Appendix C.    The drag coefficient, 
Cn   based on the total polygon area of the parachute remained relatively 
constant over the velocity ranges of the tests and little difference is noted in 
the drag coefficient curves of the tests conducted.    The average value of 
0.52,   shown in Table 4,  is therefore considered quite reliable for this par- 
ticular Ribbon parachute. 

None of the FIST Ribbon type 124-17 parachutes tested in the program 
exhibited positive overshoot during inflation and opening shock factors were 
under 1. 0 in all cases. 

The velocity envelope shown in Fig.  8 illustrates the range of deploy- 
ment velocities covered in this series of tests of FIST Ribbon parachutes, 
with respect to parachute type and geometric porosity.    It is apparent from 
this graph that as test velocities were increased during the program,  most 
successful parachute deployment and operation were obtained with parachutes 
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TABLE 4 

PERFORMANCE CHARACTERISTICS OF THE FIST RIBBON 
TYPE 124-17 PARACHUTE . 

NOMINAL    DIAMETER ,   D0   ( ft ) 

POLYGON     AREA , S0   ( f»2) 

WEIGHT ,   ( lbs ) 

BULK , ( ft3 ) 

GEOMETRIC     POROSITY  ,   Xg   (%) 

DRAG   COEFFICIENT    CDQ 

OPENING    SHOCK    FACTOR    (X) 

INSTANTANEOUS    DIAMETER   RATIO   ( DP| / Dp )   % 

AVERAGE 

MAXIMUM 

STABILITY  ,  RADIUS    OF   Dl SPLACEMENT, ( R )   DEGREES 

MEAN 

MAXIMUM 

8.60 

56.60 

21.5 

1.00 

21 .15 

0.52 

0.94 

98.20 

100.90 

2.20 

3.20 

in the higher porosity groups.    The curve is included here to indicate the 
trend followed to obtain the most satisfactory operation rather than impose 
operational limits on any group of parachutes.    It should be noted that none 
of the FIST Ribbon parachutes with geometric porosities over 20% had 
reached their structural limitations at the highest velocities tested in each 
group. 

Several performance parameters illustrate a noted effect of porosity 
change.    Paramount among these is perhaps the effects on parachute stabil- 
ity.    In the illustration in Fig.   9,  which shows the variation of average angu- 
lar displacement for FIST Ribbon parachutes of various geometric porosities, 
it is readily apparent that the stability of the higher porosity parachutes was 
superior to that of the lower porosity types.    The rate of increase in stability 
as porosity increases,  is notably greater in the lower porosity region,  di- 
minishing with porosity increase until,  at values of X « in the low 20's further 
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FIST 

decreases of porosity apparently have minor effect on the stability character- 
istics of the parachute.    It should be noted that the test points shown in Fig. 
9 indicate the mean angular displacement for each test that they represent 
but do not indicate the magnitude of oscillatory variation about the mean 
point during each test.    Therefore,  the increase in bandwidth (shaded area 
on curve,   Fig.  9) at the higher porosity end of the curve is not an indication 
of decreasing oscillatory stability but a function of the normal expected var- 
iation due to the number of tests made and the varying velocities at which 
they were conducted.    If a greater number of test points were available at 
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the low porosity end of the curve,  it is probable that the normal data varia- 
tion would present a more uniform bandwidth throughout the curve;   however, 
the general trend and indicated average of angular displacement would not 
alter appreciably from the average presently shown. 

Another parameter in which a noted effect of porosity was observed 
was in the drag coefficient.    The average drag coefficient for all FIST Rib- 
bon parachute tests in which satisfactory steady state information was ob- 
tained are plotted in Fig.   10 as a function of the geometric porosity.    The 
resulting band shows that the average drag coefficient,   CDO>   decreases with 
increasing porosity,  from an average value of approximately 0. 58 at the low 
porosity end to an average value of approximately 0. 50 at the high or poros- 
ity end.    This corresponds to an average difference of approximately 15% in 
CD0 values,  between the high and low porosity parachutes.    It appears,  from 
this curve,   that the average drag coefficient of 0. 52 for the FIST Ribbon Type 
124-17 parachute is consistent with general FIST Ribbon parachute character- 
istics and is a reliable figure for such a parachute having reasonable stability 
and inflation characteristics.    It is also pertinent to note that there was essen- 
tially no variation of drag coefficient with dynamic pressure through the ranges 
of parachute test velocities. 

Several tests were conducted with FIST Ribbon parachutes in which two 
different line length configurations were tested. These line length configura- 
tion changes were tested on Types 122 and 123 parachutes and were varied 
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Figure 9     Variation of Average Angular Displacement (R) with 
Geometric Porosity ( X g) - FIST Ribbon Parachutes 

between the normal Ls/D ratio of one and Ls/D ratio of two.    A summary of 
the average performance characteristics of the two line length configuration 
groups of Type 122 and 123 parachutes is tabulated in Table 5,   and average 
dynamic characteristics of the two groups are graphically illustrated in the 
curves in Fig.   11. 

From the information presented in the table and curves it is apparent 
that inflation characteristics vary considerably with Ls/D ratio.    The long 
line group inflated to a 16% greater drag area than the similar short line 
group and reached the inflated state an average of 0. 05 second,   or approxi- 
mately 30% faster than the group with the normal Ls/D ratio of one.    A sig- 
nificant increase in drag coefficient is noted.    The short line group averaged 
0.50 while the long line group averaged 0.60.    The average for all tests of 
both configurations was 0.54.    Slightly less angular displacement (R) was 
observed for the short line parachutes.    Mean displacement for this configura- 
tion was 3. 1 degrees with oscillating variations of ±1. 5 degrees while the 
long line configuration had an average displacement of 4. 6 degrees with var- 
iations of ±2.6 degrees. 

The only parameter which was identical for both groups was the open- 
ing shock factor (X) which averaged 1. 04 in both groups. 
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TABLE 5 

PERFORMANCE CHARACTERISTICS OF FIST RIBBON TYPE 
122 AND 123 PARACHUTES 

TEST    NO'S CQ X tf 
DP|/Dp 

AVERAGE 
F mean 1 

max. 

Ls/D=' 28,29,33, 
34,35 0.50 1.04 0.14 99.5 3.1 4.6 

LS/D - 2 36,37 0.60 1.04 0.09 107.2 4.6 7.2 

ALL   TESTS 0.54 1.0 4 0.12 102.0 3.6 5.5 

Detailed performance summaries of the individual tests in these groups 
are presented in Section C. 7 of Appendix C. 
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figurations 

E.        Rotafoil Parachutes 

Five tests, details of which can be found in Appendix D, were conducted 
using Rotafoil test parachutes. In the tests of the original B7-8-20 configura- 
tion,   suspension line system failure during inflation of the parachute led to 
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collapse and destruction of the parachutes. 

The modified version of the Rotafoil B7-8-20 parachute,  tested later 
in the program,   suffered major canopy damage during inflation,  and also re- 
sulted in collapse and destruction of the parachutes. 

Since none of the Rotafoil parachutes tested in the program operate'd 
successfully in the steady state condition,  aerodynamic parameters could 
not he obtained for comparison with other Rotafoil parachute information or 
with parachutes of other general classifications. 
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APPENDIX A 

GUIDE SURFACE STABILIZATION PARACHUTE 

A.        Introduction 

•    The Guide Surface Stabilization type of parachute is distinguished by a 
relatively long conical surface shaped as an inverted truncated cone below the 
roof portion of the canopy.    Internal cloth ribs are used to separate the sus- 
pension lines from the canopy so that the canopy might form the Guide Sur- 
faces and the flow separation edge required for stabilization.    This also al- 
lows the canopy form to be variable,  since the ribs define the canopy shape 
and make it independent of the suspension line arrangement.    A typical para- 
chute of this type is shown in operation in Fig.   12,  and Fig.  13 shows the de- 
sign profile.    A complete description of the parachute is given by Heinrich 
(Ref.  3) and general specifications for the construction of the parachute are 
presented in Ref.  7. 

I „.... | 

Figure 12     Deployment Sequence - Guide Surface Stabili- 
zation Parachute 
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Figure 13    Design Profile 
Parachute 

Guide Surface Stabilization 

B.        Test Program 

Six tests were conducted in which Guide Surface Stabilization Test para- 
chutes were deployed from a liquid fuel rocket powered test vehicle at veloc- 
ities varying from 615 mph to 825 mph.    All tests were performed on the 
10, 000 foot Free Air Test Facility Track at Edwards Air Force Base,   Cali- 
fornia.    The parachutes tested on the program were fabricated from MIL-C- 
80Z1 Type III nylon cloth in accordance with Military Specification MIL-P- 
5905A (Ref.  7),  from design and revision information provided by the con- 
tracting agency.    Parachute failures during the early part of the test program 
suggested the need for revisions in the thread sizes used on canopy seams and 
general improvement in suspension line attachment methods.    Cook Research 
Laboratories engineers devised an improved suspension line attachment which 
incorporated a metal ring,   similar to a reefing ring,   and located at each line 
attachment point at the parachute skirt.    This ring,  which was attached to the 
skirt by a separate loop,  allowed the suspension line to move unrestrained 
under normal loading conditions but restricted movement which would tend 
to tear the line away from the canopy.    A photograph of a typical ring instal- 
lation on a Guide Surface Stabilization parachute is shown in Fig.   14 
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Figure 14    Ring Type Skirt Connection for Guide Surface Stabiliza- 
tion Parachute 

Other changes,  which occurred later in the program,   consisted of 
strengthening the vent band reinforcing and the use of higher tensile strength 
line webbing.    Ultimately the number of gores in the parachute was increased 
from 12 to 16. 

Physical details and material specifications of the Guide Surface Stabil- 
ization parachutes tested in this program are listed in Tables 6 and 7. 

C. Parachute Performance 

Guide Surface Stabilization parachute performance data as measured 
on the high-speed sled test program,   are presented in Table 8 and graphic- 
ally illustrated in Figs.   15 and 16. 

The 12 gore version of the parachute operated successfully at 625 mph 
but severe canopy damage was incurred in attempted operation at 800 mph. 
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TABLE 6 

PHYSICAL DETAILS OF GUIDE SURFACE STABILIZATION 
PARACHUTES 

PARACHUTE    DIAMETER  - Dp • (ft) 6.5 6.5 6.5 6.5 

DESIGN  PROJECTED   AREA-Sp-(ft
2) 33.2 33.2 33.2 33.2 

NO. OF   GORES    AND   SUSPENSION 

LINES 
12 12 12 16 

CANOPY     MATERIAL TYPE in-600 lb. TYPE H-600lb. TYPE HI-600 lb. TYPE IE -600 lb. 

SUSPENSION    LINE   MATERIAL Ix 6000 1 x 6000 1 x 12000 1 x 9000 

SUSPENSION    LINE   LENGTH   (ft) 8.125 8.125 8.125 8.125 

VENT    DIAMETER    (IN.) 8.35 8.35 8.35 8.35 

VENT    LINE    LENGTH    (IN.) 6.83 6.83 6.83 6.83 

VENT    BAND    REINFORCING 1 x 3000 Ix 3000 1x 600Q 1 x 6000 

SLOT    LENGTH     ( IN.) NONE NONE NONE NONE 

THREAD   SIZE  (CANOPY    SEAMS ) SIZE   F 5 CORD 5   CORD 5   CORD 

THREAD   SIZE (LINE   ATTACHMENT) 3 CORD 5  CORD 6   CORD 6   CORD 

PATTERN    DETAILS A A A A 

WEIGHT    ( lbs ) 21.9 21.9 2 7. 1 33.0 

BULK       (ft3) 1.20 1.2 0 1.62 1.67 

USED    ON   RUN   NO. 9 20 3 1,39 49,54 

A-  REFERENCE    7 

The steady state drag coefficient, Fig. 15 (c), averaged 1.04 and the average 
opening shock factor for this parachute was 1.19. Excellent stability was ex- 
hibited by the parachute in the successful test,   Fig.   15 (d).    Early tests of the 
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TABLE 7 

MATERIALS USED IN GUIDE SURFACE STABILIZATION PARACHUTES 

PART MATERIAL SPECIFICATION SIZE 
TENSILE 
STRENGTH 

CANOPY 
MATERIAL 

CLOTH, NYLON MIL-C- 802IA 
TYPE in 

14 oz. /sq. yd. 600 lb/in 

SUSPENSION 
LINES 

WEBBING, NYLON 

WEBBING,NYLON 

WEBBING, NYLON 

MIL-W- 4088 
TYPE xsm 

MIL-W- 4088 C 
TYPE  H 

NON-SPECIFICATION 

WIDTH-1 in 

WIDTH- 1 in 

WIDTH- 1 in 

6000  lbs 

9000 lbs 

12,000 lbs 

THREAD 

NYLON MIL-T- 7807 F 
3 CORD 
5 CORD 
6 CORD 

II lbs 
24 lbs 
40 lbs 
50 lbs 

REINFORCING 
TAPE 

WEBBING, NYLON 
TUBULAR 

WEBBING, NYLON 

MIL-W- 5625 

MIL-W- 4088 

WIDTH- lin 

WIDTH - lin 

3000 lbs 

6000  lbs 
TYPE   XVIII 

12 gore Guide Surface Stabilization parachute suffered significant damage 
when deployed at 600 to 650 mph.    The canopy seams of the first parachute 
of this type that was tested were sewn with size "F" thread and were severely 
damaged in the canopy.    The following parachute was manufactured of identi- 
cal material with 5 cord thread used in the canopy seams.    This parachute 
was undamaged in the canopy but several of the 1 inch - 6000 pound suspen- 
sion lines and risers failed.    The possibility exists that if an improved keeper 
of the type described in Appendix E had been available the line failure might 
not have occurred.    Since 1 inch - 9000 pound webbing was not yet being man- 
ufactured,  the next parachute was fabricated with 1 inch - 12, 000 pound sus- 
pension lines.    Figure 12 shows the successful deployment and inflation of the 
12 gore Guide Surface Stabilization parachute on run No.  31. 

The Guide Surface Stabilization parachute was modified to the 16 gore 
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TABLE 8 

TEST RESULTS OF GUIDE SURFACE STABILIZATION PARACHUTES 

GUIDE    SURFACE 

STABILIZATION      TYPE 
12   GORE-STANDARD   PANEL 

I6-G0RE 

STANDARD    PANEL 

RUN    NUMBER 9 20 31 39 49 54 

>• 
E ui 
8 «•• 
_i u: 
> 

V8    AT   PEAK   SNATCH 
APPROX. 

950 
APPROX. 

900 
918 1177 1208 1104 

V0    AT   PEAK   OPENING   SHOCK - - 910 1167 1170 1082 

D
YN

A
M

IC
 

P
R

E
S

S
U

R
E

 
R

S
.F

 qs    AT   PEAK   SNATCH - 862 886 1520 1570 1297 

"o   AT   pEAK   OPENING   SHOCK - 845 870 1495 1473 1246 

TI
M

E
 

IN
TE

R
V

A
L 

SE
C

O
N

D
S 

1,     DEPLOYMENT    TO 
PEAK    SNATCH 

- 0.298 0.357 0.330 0.232 0.200 

If     SNATCH    TO   PRIMARY 
MAXIMUM    INFLATION 

- 0.092 0.098 0.050 0.067 0.080 

fml    SNATCH    TO 
MAXIMUM   LOAD 

- 0.067 0.042 0.040 0.115 0.076 

•u   - 
a:   CD 
O   -1 
LL 

Fs    SNATCH   FORCE - 8,950 12,700 17,750 30.150 26,050 

F0    OPENING   SHOCK - 29,01.0 36,300 62,600 51,400 42,500 

D
IA

M
E

TE
R

 
R

A
TI

O
 

P
E

R
C

E
N

T 

(•z—A       MAXIMUM 
\Dp ln\ 

- 74.7 102.6 86.8 84.6 92.5 

- - 97.2 - - 97.4 

>    CO 
t    UJ 
-1    UJ 

s g 
5 UJ 
in  o 

MEAN   RADIUS   OF 
DISPLACEMENT 

- - 1.80° - - I.4S" 

MAXIMUM   RADIUS OF 
DISPLACEMENT - - 3.20" - - 2.17" 

CD    AVERAGE   DRAG    COEFFICIENT - - 1.04 - - 1.05 

X      OPENING   SHOCK   FACTOR - - 1.19 - - 0.94 

PAR AC 

CANOPY 
HUTE   DAMAGE 

SEVERE 
DAMAGE 

THROUGHOUT 
MINOR NONE 

SEVERE 
DAMAGE 

THROUGHOUT 
6 PANELS 
SEVERELY 
DAMAGED 

MINOR 
DAMAGE 

LINE 
LINE 

DAMAGE 
LINE 

DAMAGE 
MINOR    LINE 

DAMAGE 
ALL LINES 

DAMAGED 

PARACHUTE   OPERATION 

NORMAL 
DEPLOYMENT 

NORMAL 
DEPLOYMENT 

NORMAL 

NORMAL 
DEPLOYMENT 

NORMAL 
DEPLOYMENT 

NORMAL 
FAILED 
AT  F0 

FAILED 
0.015    SEC. 
AFTER  F0 

DAMAGED 
DURING 

INFLATION 

DAMAGED 
DURING 

INFLATION 

INSTRUMENTATION    PREFORMANCE 

RECORDERS 
a    SLED 
CAMERAS 
JAMMED 

NORMAL NORMAL NORMAL NORMAL NORMAL 

configuration to secure greater canopy strength at the higher velocities by- 
cutting down over-all panel sizes.    The parachute as tested on test run Nos. 
49 and 54 had material and constructional details similar to the final 12 gore 
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Figure 15     Summary Data - Guide Surface Stabilization Parachutes 
(Test Run Nos.   31 and 54) 
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Figure 16     Summary Data - Guide Surface Stabilization Parachutes 
(Test Run Nos.   39 and 49) 

version,  except that the suspension lines were fabricated from the newly 
available 1 inch - 9000 pound nylon webbing.    Satisfactory operation attained 
at a deployment velocity of 753 mph but severe canopy damage occurred dur- 
ing inflation at a deployment velocity of 824 mph. 

The drag coefficient of the 16 gore parachute was 1.05,   which is nearly 
identical to that of the 12 gore version.    Opening shock factor,  however,   was 
0.94 for the 16 gore parachute tested at 753 mph,   or 25% lower than the open- 
ing shock factor of the 12 gore parachute tested at 626 mph.    The lower open- 
ing shock factor for the 16 gore parachute was probably caused by an apparent 
hesitation in the opening process.    At the time of maximum force the parachute 
had attained an inflated diameter of 92% of the design diameter.    An additional 
0.2 second elapsed before a true maximum diameter of 102% was reached. 
During this time increment the dynamic pressure,   q,   decreased approximately 
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200 psf (from 1246 psf to 1051 psf) because of vehicle deceleration. Stability 
of the 16 gore parachute, graphically presented in Fig. 15 (d), was excellent 
generally and slightly better than that of the 12 gore parachute. 

On test run Nos.  39 and 49 in which canopy failure occurred,  the para- 
chutes had inflated to approximately 85% of their design diameter at time of 
failure.    This is graphically illustrated in Fig.  16 (a). 
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APPENDIX B 

GUIDE SURFACE RIB LESS PARACHUTE 

A.        Introduction 

The Guide Surface Ribless parachute has a conical surface shaped as 
an inverted truncated cone below the roof portion of the canopy,  which is 
similar to but slightly shorter than, the guide surface of the Stabilization 
type of parachute.    As the name implies, there are no internal cloth ribs to 
contain and separate the suspension lines from the canopy.    Instead, the roof 
and G.  S. panels are fabricated so that the inflated shape of the canopy as- 
sumes the geometric form most conducive to good flow separation and sta- 
bility.    The suspension lines are rigidly attached to the exterior of the canopy 
along the roof panel seams. 

The general shape of the roof and Guide Surface panels are shown in 
Fig.   17.    Figure 18 shows a typical parachute of the Guide Surface Ribless 
type in operation. 

B.        Test Program 

Thirteen tests were conducted in 
which Guide Surface Ribless test para- 
chutes were deployed from a liquid fuel 
rocket powered test vehicle on the 10, 000 
foot Free Air Test Facility Track at Ed- 
wards Air Force Base,  California.    Test 
velocities ranged from 501 mph to 862 
mph T.A. S.    Specifications and revision 
information for fabrication of the para- 
chutes tested on the program were pro- 
vided by the contracting agency. 

With the exception of one parachute 
manufactured from MIL-C-8021,  Type 
II   - 300 pound T.  S.  nylon cloth all test 
parachutes in this series were manufac- 
tured from MIL-C-8021 Type UJ - 600 
pound T.S. nylon drag parachute cloth. 
Physical details and material specifica- 

. ,      ,.»..«     - „,. «),,,,,-. TDaT-a   Figure 17   Panel Shapes and Basic tions for the Guide Surface Ribless Para-     « .,,,-•, 
J •    T.VI„- o ^^^ in Dimensions of the 12 and chutes are presented in Tables 9 and 10. -.,-    —    - 

16 Gore Guide Surface 
Ribless Parachute 

PATTERN 
DETAILS 

a b 

39.1 4B.8 

55.2 

44.9 

""H   "*"" 
3.6 

23.0 

210 

23.7 

203 
16.3 
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Figure 18  Deployment Sequence - Guide Surface Ribless Parachute 
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TABLE 10 

MATERIALS USED IN GUIDE SURFACE RIB LESS PARACHUTES 

PART MATERIAL SPECIFICATION SIZE 
TENSILE 
STRENGTH 

CANOPY 
MATERIAL 

CLOTH,NYLON 

CLOTH , NYLON 

MIL-C- 802IA 
TYPE  H 

MIL-C- 802IA 
TYPE  nr 

7oz./sq  yd. 

14 oz./sq. yd. 

300 lb/in 

600 lb/in 

SUSPENSION 

LINES 

WEBBING, NYLON 

WEBBING .NYLON 

WEBBING, NYLON 

MIL-W- 4088 WIDTH-   lin 

WIDTH - lin 

WIDTH - lin 

6000  lbs 

9000 lbs 

12,000  lbs 

TYPk     XVIII 

MIL-W- 4088 C 

TYPE TT 

NON-SPECIFICATION 

THREAD NYLON MIL-T-7807 
3  CORD 
5 CORD 
6 CORD 

24   lbs 
40  lbs 
50   lbs 

REINFORCING 
TAPE 

WEBBING, NYLON 
TUBULAR 

WEBBING, NYLON 

WEBBING, NYLON 

MIL-W- 5625 

MIL- W-4088 

WIDTH  - lin 

WIDTH -   lin 

WIDTH - l%in 

3000 lbs 

6000  lbs 

10,000 lbs 

TYPE   XVIII 

MIL-W- 4088 
TYPE m 

Structural changes were incorporated in the 12 gore parachutes tested 
in the early part of the program, because of suspension line failure,  vent 
band failure,   and/or noninflation of several roof and Guide Surface panels. 
When damage still occurred to the strengthened 12 gore version the number 
of gores in the parachute was increased to 16. 

The 16 gore parachute was tested on seven test runs with three major 
modifications incorporated.    Three of the tests were with a standard 16 gore 
pattern detail,  two tests were with parachutes with Guide Surface widths re- 
duced 10% from the standard,   and two tests were with the latter parachute 
with 15% spoiler flaps added to the Guide Surface edges in alternate panels. 
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C.        Parachute Performance 

Guide Surface Ribless parachute performance data,  as measured on 
the high-speed sled test program,  are presented in Table 11 and graphically 
illustrated in the performance curves shown in Figs.   19 through 24.    Where 
several tests have been made with parachutes of similar configuration and 
construction,  multiple sets of performance curves have been plotted on the 
same graphs.    This allows rapid comparison and quickly highlights the com- 
mon characteristics as well as pointing out departures from normal opera- 
tion. 

In all the tests made with G.  S.  Ribless parachutes five basic configura- 
tions were tried,   some having structural modifications without a configuration 
change.    Performance of the five configurations is listed below in order of 
their changes. 

1. 6. 5 Foot Diameter,   12 Gore,  Type II Cloth 

Only one test run (No.   15) was conducted with this parachute at a 
deployment velocity of 501 mph.    Two Guide Surface panels failed to in- 
flate at deployment and remained uninflated throughout the major por- 
tion of the test.    Although the parachute maintained a steady state diam- 
eter ratio of 80% , a relatively high drag coefficient of 0. 82 was held 
through the corresponding time interval.    This is 10 to 15% greater 
than might be expected for such operation but apparently little or no 
loss in drag force was experienced due to the pushed-in Guide Surfaces 
and lack of full inflation.    Also,  despite the unsymmetrical shape of the 
guide surfaces the average maximum and mean radius of displacement 
indicated excellent stability.    Performance curves giving inflation, drag, 
and stability data from this test are shown in Fig.   19. 

Since this parachute seems to be marginal in inflation character- 
istics,  and doubtful structurally at higher velocities,  no more tests 
were made with this configuration. 

2. 6. 5 Foot Diameter,   12 Gore,   Type III Cloth 

Five tests were made with parachutes in this category.    In test 
run No.   11,   suspension line failure at maximum force resulted in col- 
lapse of the canopy.    In test run Nos.   17 and 19 roof and guide surface 
panels did not inflate in the normal way,  and in test run Nos.   30 and 40 
there were normal deployment and operation,  with minor damage to 
parachute lines. 
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Figure 19     Summary Data - Guide Surface Ribless Parachute (Test 
Run No.   15) 
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(a 

Test run No.   11,  the initial test in this category and parachute 
type,  was made at a deployment velocity of 608 mph.    Since three 6000 
pound T.S.   suspension lines failed at a maximum force of 21,715 pounds, 
it is pertinent to note that the inflation process was abnormal,   with one 
panel in a collapsed position during inflation.    This may have caused 
unsymmetric load distribution,  allowing a few lines to absorb the open- 
ing shock force and ultimately fail.    Curves of the diameter ratio and 
force ratio during inflation are shown in Fig.   20. 
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Figure 20     Summary Data - Guide Surface Ribless Parachute 
(Test Run No.   11) 

With the exception of the utilization of straight cut rather than 
bias cut canopy material in the parachute used on test run No.   17, 
structurally identical parachutes were tested on test run Nos.   17 and 
19.    Both had strengthened vent band reinforcing and vent diameter in- 
creases contributing to an added fullness at the parachute vent. 

On each test inflation difficulties were encountered with two pan- 
els.    The parachute on test run No.   17,  hesitated slightly during the in- 
flation process,   after which apparent normal operation was resumed. 
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On test run No.   19t  two roof and guide surface panels remained unin- 
flated for the first 2 seconds of operation.   After this time the guide surface 
panels inflated but over-all panels did not inflate until low velocity end 
of test was reached.    Steady state diameter ratios averaged 84. 3% on 
test run No.   17 and 77.8% on test run No.   19 with corresponding aver- 
age drag coefficients of 0. 72 and 0. 77.    For their respective test runs 
these figures are reverse of what would be expected,  although the gen- 
erally reduced average drag coefficients correspond to the reduced 
average inflation figures.    Opening shock factors for the two runs were 
nearly identical,   1.21 and 1.24.    Performance curves for these two 
test runs are shown in Fig.   21. 

Two more parachutes within this configuration group were tested 
on test run Nos.   30 and 40.    These parachutes had no pressure relief 
slots in the round seam,   and the central vent was covered on the para- 
chute tested on test run No.  30.    Increasing velocities and higher ex- 
pected opening shock forces suggested changes in the suspension line 
assemblies to withstand the anticipated load increases.    Although 9000 
pound T.S.  webbing would undoubtedly have been strong enough it was 
not commercially available at that time,   so 1 inch - 12, 000 pound T.S. 
webbing was used on these parachutes.    It was also suspected that the 
original four line keeper was contributing to uneven line elongation and 
loading,   due to its inherent four line method of attachment.    This was 
alleviated by installing an improved keeper,  which attached to all lines 
going through the confluence point.    Both of these keepers are described 
in detail in Appendix E.    Dimensional changes,  decreasing the fullness 
at the vent of the parachute,   was also made to the parachutes on these 
two tests. 

The most satisfactory operation of a G.S. Ribless type of para- 
chute in the test program was obtained with this configuration in test 
run Nos.   30 and 40.    Both tests yielded a steady state drag coefficient 
of 0.80 although the opening shock factor from the two tests varied 
widely.    On test run No.  30,  which deployed at a velocity of 622 mph, 
the opening shock factor was 1.78 while on test run No.  40 which was 
deployed at the higher velocity of 802 mph the opening shock factor was 
1. 33.    If a relationship between deployment velocities,   or dynamic pres- 
sure,   and opening shock force can be assumed it is evident that the open- 
ing shock force producing the high opening shock factor can be found in 
the inflation process,   which shows that the parachute reached its peak 
force in approximately half the time required for the corresponding 
higher deployment velocity of test run No.  40 and approximately two- 
thirds the time of other comparable tests.    This is graphically illus- 
trated on the performance curves for these two tests,   shown in Fig.   22. 
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3. 6.5 Foot Diameter,   16 Gore,   Type III Cloth 

Since considerable over-all strain damage was evident in the 
final 12 gore configuration a 16 gore version was designed to continue 
the higher velocity tests.    The additional gores in the parachute were 
theoretically to add strength to the unit by decreasing over-all panel 
size as well as add total line strength.    Basic gore dimensions for the 
standard 16 gore configuration are shown in Detail "B" in Fig.   17. 

Test run Nos.  45,   52,  and 58 were performed with this configura- 
tion at deployment velocities of 795,   835,  and 785 mph,   respectively. 
On test run No.  45 the parachute was severely damaged at opening 
shock.    On test run Nos.  52 and 58 the parachutes suffered minor dam- 
age during inflation and did not fully inflate.    Four seconds was re- 
quired to inflate all panels of the parachute on test run No.  52 during 
which time the dynamic pressure had decreased from 1630 psf to 287 
psf.    This corresponds to a velocity decrease from 1225 to 514 fps 
T. A. S.    On test run No.  58 a total of 1 3 panels were inflated through- 
out the test.    Both tests yielded an average steady state diameter ratio 
of 87.5%.    Despite the partically inflated condition of the parachutes on 
both tests an average steady state drag coefficient of 0.83 was realized 
on test run No.  52.    Corresponding opening shock factor was 1.47. 
Graphical representation of the operation of the parachutes in this 
group is presented in the performance data summary curves in Fig. 23. 

4. 6.5 Foot Diameter,   16 Gore,   Type III Cloth,   90% G.  S.   Width 

The parachutes in this configuration group were identical to the 
standard 16 gore parachute except that the width of the guide surface 
panels was reduced 10% from the standard 16 gore pattern as shown in 
Detail "C",   Fig.   17.    This reduced the inlet area at the mouth of the 
parachute and slightly altered the angle of the cone formed by the guide 
surfaces.    Introduction of these alterations was designed to eliminate 
the apparent looseness of the canopy material in an attempt to induce 
full inflation at high deployment velocities. 

Test run Nos.   61 and 73 were made with the modified 16 gore 
parachute.    Rocket engine malfunction on test run No.   61,   resulted in 
extremely low deployment velocity and caused the test parachute to be 
destroyed by dragging along the track.    On test run No.   63 five panels 
were blown out of the parachute when deployed at 858 mph.    The open- 
ing shock force of 52, 149 pounds,   corresponded to a maximum diameter 
ratio of 82. 6% at time of failure.    It is interesting to note that the open- 
ing shock force causing failure of this parachute was approximately 20% 
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below that of the standard 16 gore parachute which did not inflate fully 
under similar conditions. 

5. 6. 5 Foot Diameter,   16 Gore,   Type III Cloth (90% G.S.   Width - 
15% Spoiler Flaps) 

This configuration,  tested on test run Nos.   60 and 62,   was a 
modified 16 gore parachute as described in paragraph 4 above,   with 
the addition of spoiler flaps measuring 0. 15D in length and placed in 
alternate gores,  below the guide surface panels and between adjacent 
suspension lines.    A photograph of this type of parachute is shown in 
Fig.   24. 

Figure 24    Guide Surface Ribless Parachute with Spoiler 
Flaps 
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Both of the tests with this parachute resulted in severe damage 
to the canopy and lines during inflation.    The inflation and force curves 
shown in Fig.   25 are unique in that they illustrate almost identical char- 
acteristics of the two parachutes up to time of failure.    Also pertinent, 
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Figure 25     Summary Data - Guide Surface Ribless Parachute (Test 
Run Nos.   60 and 62) 

is the fact that the two parachutes with spoiler flaps,   which are intended 
to slow the opening process and reduce opening shock,   had opening shock 
forces approximately equal to the identical parachute without spoiler 
flaps,   under comparable test conditions. 
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APPENDIX C 

FIST RIBBON PARACHUTE 

A. Introduction 

The FIST Ribbon parachute is basically a flat parachute,   assembled 
from triangular panels which form the regular polygon configuration of the 
parachute.    Each panel is a grid of horizontal ribbons spaced and retained 
at close intervals by one or more vertical ribbons.    Radial bands,   extending 
from vent to skirt at the sides of each panel,  join the panels together and 
transfer the forces developed in the canopy to the suspension lines.    A typical 
FIST Ribbon parachute is shown in operation in Fig.   26.    Figure 27 illus- 
trates a typical panel assembly.    A complete description of the FIST Ribbon 
parachute is presented by Knacke (Ref.  5) and general specifications for the 
construction of the parachute are given in Ref.   8. 

B. Test Program 

A series of 33 tests was conducted in which various configurations of 
FIST Ribbon type parachutes were tested on the 10, 000 foot Free Air Test 
Facility Track at Edwards Air Force Base,   California.    All tests were per- 
formed with the liquid fuel rocket powered test vehicle described in Appendix 
F at deployment velocities ranging from 450 and 840 mph T.A. S.    The para- 
chutes tested in the program,   with the exception of a 6.57 foot special purpose 
design,   ranged in size from 8.06 to 8.92 feet in diameter.    Fabrication was 
in accordance with military specification MIL-P-6635 (Ref.   8) with design 
and revision information being furnished by the contracting agency.    Major 
dimensional details,   materials,   and material specifications of the various 
FIST Ribbon parachutes tested in the program are listed in Tables 12 and 13. 
Geometric variations in the series of parachutes tested included diameter, 
number of panels,   and the number and spacing of horizontal and vertical rib- 
bons.    The latter factors are primary determinants of the geometric porosity 
and influence some of the important operational characteristics of this type 
of parachute.    Variations in these geometric parameters during the test pro- 
gram resulted in a total of 1 2 parachute types with geometric porosities rang- 
ing from 12.86% to 23.30%. 

50 



Figure 26     Typical FIST Ribbon Parachute in Operation on Test 
Vehicle 

Parachute Performance 

FIST Ribbon parachute performance data for the 12 parachute types 
considered in 33 test runs,   are tabulated in Table 14 according to parachute 
type number and corresponding geometric porosity.    Summary curves which 
give the important performance characteristics are graphically presented 
for each test and type number.    For rapid and accurate comparison,   mul- 
tiple sets of performance curves have been placed on graphs common to any 
one configuration group.    This serves to highlight erratic operation as well 
as indicate the average characteristics of the type being presented.    Per- 
formance details of the 12 configuration groups are listed below in order of 
type number.    This approximately coincides with the order of design and 
testing.    Within each group the velocity increases closely parallel the increase 
in run number as each type was tested. 
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VENT RIBBON 1. FIST Ribbon Type 107 
(Xg = 14.62%) 

The FIST Ribbon Type 107 
parachute tested in this program 
was a strengthened version of the 
Phase I,   subsonic,   Type 107 par- 
achute.    The heavy material re- 
quired for the anticipated higher 
deployment velocities of Phase II 
tests,   eliminated the porosity ad- 
dition due to material permeabil- 
ity.    This resulted in a signifi- 
cant decrease in the total poros- 
ity {" a now equal X t) of the high- 
speed design over that of the final 
Phase I design (from 17. 6% to 
14.6%). 

A total of six tests,  test 
run Nos.   7,   8,   10,   12,   13,  and 
18,  was conducted with the 107 
configuration.    On two of the 
tests in this group insufficient 
information was obtained for complete analysis.    On one of these tests, 
test run No.   8,  it was observed that the parachute inflation appeared 
improper,   with one section of the parachute remaining pushed in.    On 
test run No.   10,   an extremely low deployment velocity caused para- 
chute to be damaged by dragging along the track.    Good performance 
data were obtained on test run Nos.   7,   12,   13,   and 18 at deployment 
velocities of 450,   577,   645,  and 770 mph,   respectively.    Performance 
curves for these tests are plotted in Fig.   28.    On test run No.   18, how- 
ever,   severe damage to parachute and lines,  at a maximum force of 
35, 803 pounds,   rendered the information useful only through the infla- 
tion process.    In the three tests where steady state analysis was pos- 
sible,  the drag coefficient CJJ    averaged 0. 57 and the opening shock 
factor (X) averaged 1.21.    This opening shock factor appears to be of 
greater magnitude than would be expected when compared to over-all 
FIST Ribbon results.    In this respect,  it should be noted that one of 
the three tests from which the average was determined exhibited an 
unusually high opening shock factor,  and contributed greatly to the high 
average result.    If this test is eliminated from the average results, the 
drag coefficient would not be greatly affected but the average opening 

Figure 27   Panel Layout - FIST Rib- 
bon Parachutes 
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TABLE 13 

MATERIALS USED IN FIST RIBBON PARACHUTES 

PART MATERIAL SPECIFICATION SIZE 
MINIMUM   TENSILE 

STRENGTH 

RIBBON;  NYLON MIL-R-5608A WIDTH = 2 in 1000 lbs 

HORIZONTAL PARACHUTE 

RIBBONS TAPE;   REINFORC- 
ING 

MIL-T-5038 WIDTH = 2 in 1700  lbs 

WEBBING -, NYLON MIL-W-4088 WIDTH:  1 V4 in 3600 lbs 

TAPE 
RADIAL NYLON    REINFORC- MIL-T - 5038 WIDTH = 2 in 1700   lbs 

RIBBONS ING 
RIBBON;    PARA- MIL-R-5608A WIDTH = 2 in 1000 lbs 
CHUTE 

VERTICAL TAPE ;   NYLON MIL-T- 5038 WIDTH s 9/iein 5 00 lbs 
RIBBONS REINFORCING 

HORIZONTAL WEBBING, NYLON MIL-W-4088 WIDTH =   1 % in 3600 lbs 

REINFORCING 
WEBBING 

VENT WEBBING , NYLON MIL-W- 4088 WIDTH = 1 in 6000 lbs 
REINFORCING 

SKIRT 
WEBBING , NYLON MIL-W- 4088 WIDTH = 1 SA in 3600  lbs 

REINFORCING WEBBING , NYLON MIL-W - 4088 WIDTH = 1 3Ain 6000 lbs 

SUSPENSION 
WEBBING, NYLON MIL- W- 4088 WIDTH =    1 in 6000  lbs 

LINES WEBBING, NYLON NON-SPEC WIDTH;    1 in 12000  lbs 

POCKET 

BANDS 

WEBBING, NYLON 

TUBULAR 

WEBBING , NYLON 

MIL-W-5625 

MIL-W- 4088 

WIDTH:   1 in 

WIDTH = l3Ain 

3000   lbs 

3 600   lbs 

THREAD;   NYLON MIL-T- 7807 SIZE    F 1 1  lbs 

THREAD 
SIZE    FF 
3   CORD 
5    CORD 

14   lbs 
24 lbs 

40  lbs 
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shock factor would drop to 1.09,   a value more consistent with the max- 
imum range expected for this type of parachute.    Table 15 shows the 

TABLE 15 

PERFORMANCE CHARACTERISTICS OF FIST TYPE 107 
PARACHUTE 

RUN NO VS 'f cD 
X 

Dp, / Dp 
AVERAGE 

F mean max. 

7 661   0.54 1.45     

12 846 0.084 0.62 1.00 99.4 12.4 13.9 

13 952 0.12 0.56 1.19 100.6 13.2 15.1 

AVERAGE 0.102 0.57 1.21 100.0 12.8 14.5 

average performance characteristics of the Type 107 parachute as de- 
termined from these tests. 

In considering the stability of these parachutes,  it will be noticed 
that there was excessive angular displacement in the tests analyzed, 
with the magnitude of the mean value approaching that of the maximum 
value.    This relationship of maximum and mean values is significant 
since it indicates that the instability of the parachute was primarily due 
to drift rather than large amplitude oscillation.    It can be seen from 
Fig.  28,  that if a mean displacement is considered the actual oscilla- 
tory instability is on the order of ± 2 degrees maximum.    It is also 
evident that the displacement due to drift increases slightly as velocity 
decreases,  but this is a normal function of the test attitude.    The test 
parachutes on both test run Nos.   12 and 13 exhibited slight flutter in 
some skirt ribbons at the higher velocities and settled in a low position 
during steady state operation.    In the same test the average diameter 
ratio was 100% and the maximum was  104.9%,   which indicates that in- 
flations were full and essentially constant throughout the tests. 

Because of the poor stability and inconsistent inflation character- 
istics of parachutes of this porosity range (Types 107,   107A and 107B, 
Xg = approximately 14%) it was decided to design and test parachutes 

of higher porosity with a much narrower spacing between vertical rib- 
bons to provide better control over the opening process. 
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2. FIST Ribbon Type 107A ( Xg = 12.86%) 

This parachute was a 15 panel version of the normal 16 panel 
Type 107 FIST Ribbon parachute.    Removal of the one panel altered 
the configuration to a 20 degree conical parachute of slightly smaller 
diameter and removed the parachute from the flat circular design cat- 
egory normally associated with FIST types. 

Only one test (No.   14) was conducted with this parachute,  and 
useful test data were obtained for only 0. 65 second of operation due to 
accidental detachment of the test parachute. 

At time of maximum force the parachute had attained a maximum 
inflated diameter of approximately 116% of the design projected diam- 
eter.    The steady state drag coefficient,  though not determined through- 
out the normal time interval,   was 0.59 at the high velocity end of the 
test.    The dynamic pressure decreased 120 psf (from 868 to 748 psf) 
and the corresponding velocity decrease over the short time interval 
involved was approximately 65 fps.    The opening shock factor,  based 
on the limited steady state information available,   was 1.07. 

Performance summary data for the parachute tested are graphi- 
cally illustrated in the diameter and force curves in Fig.   28. 

It was intended that additional tests would be made with this para- 
chute but results of tests of parachutes in the same relative porosity 
region indicated that the porosity of this parachute was too low for fur- 
ther consideration.    Consequently,  the parachute was dropped from the 
test program. 

Later tests,  conducted with a Type 125 Conical FIST Ribbon par- 
achute,   are reported in Section 9 of this appendix. 

3. FIST Ribbon Type 107B ( X g = 14. 37%) 

This parachute was a redesigned version of the original Type 107 
parachute,  in which the vent was enlarged so that 1% of the total geo- 
metric porosity could be maintained after the vent lines were installed 
across the vent.    The original model had a 1% vent area before addi- 
tion of the vent lines.    In order to maintain approximately the original 
porosity in the new design,   the parachute was made slightly smaller 
with fewer horizontal ribbons and greater horizontal ribbon spacing. 
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A normal deployment was accomplished at 700 mph,   on test run 
No.   22,  but due to a malfunction of the rocket engine main propellant 
valve,  the injector and chamber burned through.    Flame from the 
burned out engine reached the deployed parachute and lines and caused 
the parachute to collapse in rapid progression.    The instantaneous force 
ratio during inflation is shown in Fig.   28.    Since the cameras were dam- 
aged by flame on this test,   inflation and stability data are not available. 

Subsequent tests of other parachute types suggested that a higher 
porosity range was more desirable than that used on this parachute. 
Consequently,  the FIST Ribbon Type 107B was dropped from the test 
program. 

4.        FIST Ribbon Type 118 ( X g = 18. 22%) 

The Type 118 FIST Ribbon parachute was a 6. 57 foot diameter 
special purpose design which originated as a first stage deceleration 
parachute for a supersonic missile.    It was the only parachute tested 
in the program which did not approximate the 28 sq ft drag area clas- 
sification of the other test parachutes.    Since it was primarily impor- 
tant to proof-test the parachute structurally,   only two tests were con- 
ducted,  both at transonic velocities near Mach 1.0.    On test run No. 
16 the pack bridles connecting the pilot parachute to the pack were torn 
off when deployment was initiated at 762 mph.    Consequently,  no per- 
formance or structural data were obtained from this test.    On test run 
No.   21,   a successful deployment at 770 mph was initiated.    Deployment 
and inflation were apparently normal with the inflation curve peaking 
0.098 second after snatch force.    The initial peak of the force curve 
followed this by 0.01 second.    After this,  however,   a phenomena oc- 
curred which had not been observed in tests up to this time.    A high 
amplitude force oscillation at a frequency of approximately 45 cps was 
initiated concurrent with a 20% diameter fluctuation at the same rate. 
High-speed photographic coverage shows that the riser and parachute 
line system was flexing,   while the parachute itself was inflating and de- 
flating at exactly the same cyclic rate,  but out of phase with the load 
fluctuation.    This situation continued for approximately 3/4 second of 
operation,   after which seven suspension lines failed causing collapse of 
the parachute.    At time of failure the primary load fluctuation had de- 
creased to approximately 40 cps,  but there was no apparent decrease 
in the average amplitude of the maximum and minimum force values. 

Due to the nature of the masses of the independent parachute and 
line system,  it is difficult to conduct an accurate frequency analysis. 
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The recorded data,  however,   did provide information which indicated 
that the interaction of the natural frequencies of the two systems would 
produce results similar to those encountered in this test.    Similarly, 
it indicated that the ratio of the load fluctuation to that of the area 
fluctuation was such that the coincidence of the natural frequencies by 
the systems in this test was probable.    If this is the case then,  it fol- 
lows that great care should be exercised in the design of a parachute 
system,   to avoid incorporating a parachute having a breathing frequency 
equal to the elastic frequency of the lines in the velocity range where 
reliable operation is essential. 

Performance curves illustrating the fluctuating force,  drag and 
diameter relationships are shown in Fig.  29. 

5. FIST Ribbon Type 119 ( X g = 18. 85%) 

The FIST Ribbon Type 119 was the first parachute designed for 
testing in this program,  which incorporated the heavy 2 inch x 1700 
pound T. S. nylon horizontal ribbon material and 1 inch x 12, 000 pound 
T. S.  nylon suspension lines and risers. 

Only one test (No.  25) was conducted with this parachute,  and in 
that test two snatch forces were prevalent.    The first occurred 0.257 
second after deployment was initiated,  and the second one occurred at 
0. 286 second.    Deployment velocity,  referred to the first snatch force, 
was 830 mph.    The photographic sequence in Fig.   30 shows the deploy- 
ment process of this parachute on test run No.   25. 

Operational characteristics,   similar to that observed for the Type 
118,  prevailed in the initial stages of the test.    Immediately after de- 
ployment,  a frequency of oscillation of approximately 40 cps combined 
with rapid inflation and deflation occurred.    The combined oscilliatory 
motion rapidly decreased until it had completely damped out after ap- 
proximately 1 second of operation.    This indicates that the parachute 
design was borderline from the standpoint of separating the natural fre- 
quency of the breathing canopy from the natural frequency of the con- 
necting lines,  at the velocity at which it was operated.    Obviously,  the 
two frequencies were separated enough to allow damping,   and transition 
into a steady state operation.    If the deployment velocity had been higher, 
it is possible that the parachute would have destroyed itself before suf- 
ficient damping could take place. 

The steady state drag coefficient averaged 0.50 and the opening 
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Figure 29     Summary Data - FIST Ribbon Parachute Type 118 

shock factor was 1. 07,   referred to the velocity at the first snatch force, 
Curves showing the steady state drag force and the instantaneous force 
ratio are plotted in Fig.   31. 
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Figure 30     Deployment Sequence - FIST Ribbon Parachute Type 119 

Due to the borderline operation of this parachute,   no further tests 
were made with this type. 

6. FIST Ribbon Type 121 ( Xg = 18.47%) 

The FIST Ribbon Type  121 was originally designed as a first stage 
supersonic missile deceleration parachute.    Since the 8.32 foot diam- 
eter of the parachute brought the size close to the approximate 28 sq ft 
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Figure 31     Summary Data - FIST Ribbon Parachute Type 119 

drag area classification required for test parachutes in this program, 
the FIST Ribbon Type 121 was incorporated for structural and per- 
formance tests. 

Due to the operational requirements of this parachute,  extremely 
heavy construction was utilized in its design.    In order to decrease the 
total load on individual components of the parachute,   24 panels were 
used instead of the usual 16 used on most test parachutes in the program. 
Ribbon material was the heavy duty 2 inch x 1700 pound nylon,   and sus- 
pension lines were fabricated from 1 inch x 12, 000 pound T.S.  nylon 
webbing and were 17.0 feet long instead of the normal one diameter 
length. 
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Two tests, Nos. 23 
and 24, were conducted 
with this parachute, both 
of them resulting in 
incomplete information. 
On test run No.  23 the 
deployment was appar- 
ently satisfactory, but 
the parachute was re- 
leased during inflation. 
At time of release the 
parachute was approx- 
imately 80% inflated. 
The maximum load re- 
corded was 30, 000pounds. 

Test run No.  24 
was a rerun of test run 
No.   23.    Due to insuf- 
ficient clearance between 
test vehicle and emer- 
gency track shutdown de- 
vice, the shutdown cir- 
cuit was initiated.    This 
resulted in a maximum 
test vehicle velocity of 
only 200 mph.    A normal 
deployment was initiated, 
but due to the extremely 
low velocity the resulting 
test information was not 
usable.    The photograph 
in Fig.  32 shows the un- 
usual configuration of the 
FIST Ribbon Type 121 in 
operation in test run No. 
24. 

L   ~-.:P*i! 

Figure 32   Deployment Sequence - FIST Rib- 
bon Parachute Type 121 
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7. FIST Ribbon Type 122 and 123 ( Xg = 23. 10%) 

The only difference between the FIST Ribbon Type 122 and Type 
123 was in the material used for suspension lines.    The Type 122 was 
originally fabricated with 1 inch x 12, 000 pound T.S.  nylon suspension 
lines.    When there was no indication,   after several tests,  that line dam- 
age would occur,   a lighter 1 inch x 6000 pound T. S.   nylon suspension 
line was substituted.    The parachute types had identical geometric po- 
rosities of 23. 10%,  the highest that had been tested to date. 

Since the parachutes are basically the same,  they will be con- 
sidered here in one group.    Performance summary curves for the two 
types in the group are shown in Fig.   33. 

Altogether eight tests were conducted;   five (27,   28,   29,   34,   36) 
with the Type 122,   and three (33,   35,   37) with the Type 123.    Of the 
five tests conducted with the Type 122 parachute,  four yielded complete 
data throughout the test period.    One test,   No.   27,  which utilized eight 
steel cables as risers,   severed all eight cables at snatch force when 
deployed at 830 mph.    Partial inflation prior to snatch force resulted 
when mass of steel cables pulled the parachute out of the bag. 

Of the three tests conducted with the Type 123 parachute,  two of 
the tests yielded complete data throughout the recorded test period. 
The third test,   No.   33,   was invalid when severance of the pilot para- 
chute caused test parachute to remain in the compartment instead of 
deploying. 

Two of the tests which yielded complete performance data,   Nos. 
36 and 37,  had extra long (16.85 foot) suspension lines.    This is almost 
double the Ls/j) ratio normally used for design of FIST Ribbon para- 
chutes,   and was done to compare the performance characteristics of the 
two line length configurations.    A summary of the average characteris- 
tics of the two line length configuration groups of Type 122 and 123 par- 
achutes is tabulated in Table 16.    In the information shown in Table 16, 
the opening shock factor from test run No.   28 was not included in the 
average since premature inflation of the test parachute caused the 
snatch force to exceed the normal opening shock force. 

Although average performance figures could be given for the en- 
tire series of tests,   it would be misleading to imply that similar oper- 
ational characteristics resulted in both line configuration groups.    Dis- 
tinct performance trends characterized each configuration,  particularly 
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TABLE 16 

PERFORMANCE CHARACTERISTICS OF FIST TYPES 
122 AND 123 PARACHUTES 

Ls/D=l 

RUN NO. vS tf cD 
X Dp, /Dp 

AVERAGE 
n mean          max. 

28 1189 0.095 0.47   96.78 2.26 4.0 

29 1193 0.142 0.54 0.94 96.41 1.51 3.2 

34 1 1 10 0.150 0.52 l.ll 1.39 3.52 4.96 

35 1227 0.140 0.48 1.06 3.04 4.96 6.30 

4.6 AVERAGE 0.132 0.50 1.04 99.4 3.1 

Ls/D=2 

RUN NO. vs tf cD X Dp,/Dp 
AVERAGE 

p 
mean         max. 

36 II 19 0.103 0.64 1.00 6.76 4.22 7.28 

37 1080 0.078 0.56 1.08 107.56 4.93 7.20 

AVERAGE 0.090 0.60 1.04 107.2 4.6 7.20 

AVERAGE-ALL 
TESTS    TYPE 
122-123 
PARACHUTE 

0.118 0.54 1.04 102.0 3.6 5.5 

in the drag,   inflation,   and stability of the parachutes as a group. 

As the table shows,   the only parameter which was identical for 
both groups as well as for the average of all tests,   was the opening 
shock factor (X) which averaged 1. 04.    The drag coefficient for the 
whole series averaged 0. 54,   but investigation by groups showed that the 
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short line group average 0.50 against 0. 60 for the long line group. 
This is understandable when the inflation characteristics of the groups 
are analyzed.    In steady state operation the short line group inflated to 
an average of 99. 5% of the designed projected diameter,   while the long 
line group inflated to an average of 107.2% of the designed projected 
diameter.    Based on drag area this is an increase of approximately 
16% for the long line parachute,   and fairly consistent with the average 
rise in drag coefficient.    The short line parachutes exhibited consider- 
ably less angular displacement than the parachutes with the longer lines. 
The mean angular displacement of the short line parachutes was 3. 1 de- 
grees while the corresponding displacement for the long line parachutes 
was 4. 6 degrees.    Maximum angular displacements were 4. 6 degrees 
and 7,2,   respectively.    The difference here becomes more apparent 
when the average oscillatory variation from the mean is considered. 
It can be seen in the table that this variation is only ±1.5 degrees for 
the short line parachutes while the corresponding average variation for 
the long line parachutes is ± 2. 6 degrees. 

The photographs in Fig.   34 and 35 show the deployment sequence 
and inflation process of the FIST Ribbon Type 123 parachute,   which had 
an LS/D ratio of one on test run No.  35.    Figures 36 and 37 show the de- 
ployment sequence and inflation process of the FIST Ribbon Type 122 
parachute,   which had an LS/D ratio of two,   on test run No.   36. 

8. FIST Ribbon Type 124 ( Xg = 21. 15%) 

In the FIST Ribbon Type 124 parachute category,   there were actu- 
ally two distinct parachute types that were tested in the program.    In 
order to identify them independently,   a dash number signifying the modi- 
fication,   was added to the type number.    The original parachute that 
was tested therefore became a 124-17 signifying a Type 124 parachute 
with 1700 pound T.S.  horizontal ribbon material,   while the later para- 
chute was given No.   124-10 indicating a modification to 1000 pound T.S. 
horizontal ribbon material. 

Six parachute test runs were conducted with the FIST Ribbon Type 
124,  three tests each with the  124-17 and 124-10.    All three of the tests 
made with the Type 124-17 (38,   41,   42) were at deployment velocities 
above Mach 1 and produced quite consistent performance data.    Of the 
three tests made with the Type 124-10,   two of them,   Nos.   5 3 and 59, 
yielded satisfactory,   though varying data when deployed at 800 and 629 
mph,   respectively,    In the remaining test in this group (No.  48),  the 
test parachute was not deployed. 
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Figure 34   Deployment Sequence -FIST Ribbon Parachute Type 123 (Ls/D0 = l) 
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Figure 35     Inflation Sequence  - FIST Ribbon Parachute Type 123 (L8/D0 = l) 
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Figure 36   Deployment Sequence - FIST Ribbon Parachute Type 122 (Ls/D0 = 2) 
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Figure 37     Inflation Sequence  - FIST Ribbon Parachute Type 122 (Ls/D0 = 2) 
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A summary of the performance characteristics of the two Type 
124 configurations is graphically illustrated in the performance curves 
in Figs.   38 and 39.    Average characteristics of the two configurations, 
are summarized in Table  17. 

As the curves and table show,  the drag coefficient was essentially 
constant for all test runs in the FIST Ribbon Type 124 category.    The 
opening shock factor (X) was fairly consistent in the 124-17 group,  but 
separated widely on the two tests made with the 124-10.    With the excep- 
tion of test run No.   53,  the one test which had a significantly long fill- 
ing time,  the average opening shock factor of each group was within 
approximately 5% of the average of all tests made.    The photographic 
series in Fig.  40,   shows the opening process of the FIST Ribbon Type 
124-10 in test run No.   53. 

Three of the tests in both groups yielded information from which 
a stability analysis could be made.    If these are assumed to be average, 
it indicates that the Type 124-17 parachute was approximately 2-1/2 
times as stable as the Type 124-10,  both in actual displacement from 
the reference axis and oscillation about the mean position assumed by 
the parachute in operation.    It is possible that some of this stability dif- 
ference can be attributed to the variation in cloth permeability of the 
respective ribbon materials used in the parachutes.    If the matter of 
weight and bulk is not critical, the Type 124-17 has a slight advantage 
over the Type 124-10.    Not only does the 124-17 show slightly better 
performance characteristics,  it has been structurally designed and 
tested for considerably higher deployment velocities than the Type 124- 
10. 

Overall, the Type 124 FIST Ribbon parachute generally exhibited 
the most favorable characteristics of all of the FIST Ribbon parachutes 
tested in this program. 

9. FIST Ribbon Type 125 ( Xg = 23. 25%) 
- 

The FIST Ribbon Type 125 was a 25 degree conical parachute de- 
signed for the higher porosity region of this series of tests.    Unlike the 
original Type 107A conical parachute,  which was a 15 panel version of 
a 16 panel parachute,  the Type 125 was designed with 16 panels. 

Three tests were conducted with the Type 125 parachute.    Two of 
the tests,   Nos.  43 and 50,   yielded complete performance data through- 
out the test.    In test run No.   44,   deployment was not initiated,   conse- 
quently no data were acquired. 
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Figure 39     Summary Data - FIST Ribbon Parachute Type 124-17 
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TABLE 17 

PERFORMANCE CHARACTERISTICS OF FIST TYPE 124 PARACHUTE 

124-17 

RUN NO. vs tf cD 
X 

Dp,/Dp 
AVERAGE 

R 
mean         max. 

41 1203 0.11 0.51 0.99   —   

38 1212 0.54 0.93     

42 1218 0.12 0.52 0.59 98.2 2.20 3.20 

AVERAGE 0.52 0.94 98.2 2.20 3.20 

124-10 

59 923 0.125 0.53 1.05 101.9 5.66 7.80 

53 1 173 0.51* 0.53 0.80* 101.5 5.50 8.70 

AVERAGE 0.53 1.05 101 .7 5.58 8.25 

AVERAGE-ALL TESTS 

TYPE   124   PARACHUTE 
0.53 1.00 100.0 3.89 5.72 

*    NOT    INCLUDED   IN   AVERAGE 

The two tests,   from which complete data were received,   were 
made in approximately the same velocity region.    Test run No.  43 was 
deployed at 826 mph and test run No.   50 was made at a deployment 
velocity of 801 mph.    Performance curves for these two tests are shown 
in the graphs in Fig.  41.    The average performance characteristics of 
the FIST Ribbon Type 125 parachute,   as tested in this program,  is given 
in Table 18. 

The average drag coefficient of 0.48 was slightly below the gen- 
eral average   for   FIST  Ribbon parachutes  tested in this  program. 
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Figure 40     Deployment Sequence - FIST Ribbon Parachute Type 124-10 

Inasmuch as the Conical FIST Ribbon Type 125 is a formed parachute 
and not a true FIST type,   such comparison may not be entirely valid. 
However,   since the program is of a comparative nature the difference 
in the basic parachute type should be taken into consideration in analyz- 
ing the results with respect to other types. 
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120 

100 

80 

60 

.40 

20 

—. •—^ 
• _ _ _ 50 

i 
1 
\ 

43 

t / 
.• Symbol 

Run 
No. 

Snatch Velocity 
Vt  (F.PS.) 

Porosity \ 
Ptrcent 

Opening  Shock 
Foctor   (X) 

Filling Time 
•f   ««c 

43 121 1 23.25 1.06 0.154 

50 
0"— 

PT. OF MAX. FORCE 

1 

10 

b) 1 NST ANT ANE ous FC )RCE R *TI< 3 
^^^"^^ 

0  8 
• -^ 

o 

f \r*- 
rj^^ )am so 

0 2 \. 

I 
1 * 43 

X •"s 

0 

\ / v_ y 
0.02 tec • * 0.20 sec 

EXTENDED TIME  SCALE - SECONDS 

(c)   DRAG    COEFFICIENT   VS   DYNAMIC    PRESSURE 

i.o 

;o e 

0.4 

;o.2 

50 

- -- — — — — ^^ 1— -- ̂ *- •*s 43 —   

500 700 900 

DYNAMIC     PRESSURE -q-LBS/FT* 

1100 1300 

(d) STABILITY -ANGULAR    DISPLACEMENT   VS    VELOCITY 

12 

10 

z IAJ  6 
< * 

UJ 
I u  4 

'*      , a.  2 
• 
o  0 

—1 1 
/„± J_w.   X-HORIZONTAL    ANGULAR DISPLACEMENT 

R- V ' SPLACEMENT 

A 43 
^*^\j\ .'-AX j    -' so 

,   / ,-*<.> S   ty> 
*****—— ^•c' \>< .' 

^                                          — 2 
"^^-       e"S**^^^ 

1200 1000 800 600 
  VELOCITY - FT/SEC 

400 200 

Figure 41     Summary Data - FIST Ribbon Parachute Type 125 

78 



TABLE 18 

PERFORMANCE CHARACTERISTICS OF FIST TYPE 125 PARACHUTE 

RUN  NO. vs tf cD X Dp, /Dp 
AVERAGE 

mean         max. 

50 1 174 0.138 0.51 0.99 101.97 3.98 5.55 

43 121 1.54 0.45 1.06 99.36 3.70 7.20 

AVERAGE 0.146 0.48 1.03 100.66 3.84 6.38 

There seemed to be a slight drift in the drag coefficient curves, 
the highest drag coefficients being realized at the high velocity end of 
the test.    Concurrent with this there was a decrease in stability with 
the mean displacement drifting from approximately 2 degrees at the 
high velocity end to approximately 5 degrees at the low velocity end. 
Oscillatory stability was also noted to decrease at low velocity.   There 
was little evidence in the inflation data which would indicate an appre- 
ciable difference in the parachute inflation at varying velocities.    Through- 
out both tests,  the parachutes inflated to approximately 100%.    Further 
tests would have to be made with parachutes of this type to determine 
whether the above results are characteristic of this type of parachute 
or merely a function of the geometric configuration of this particular 
Ribbon Type 125 parachute. 

10. FIST Ribbon Type 126 ( X g = 23. 30%) 

The FIST Ribbon Type 126 was the largest (8.92 foot diameter) 
parachute tested in the program and had the highest porosity of any 
parachute tested. 

A total of three tests was made with the FIST Ribbon Type 126 
parachute.    Two of the tests,   Nos.  47 and 51,  yielded complete per- 
formance data throughout the recorded test period.    Respective deploy- 
ment velocities were 721 and 827 mph. 

The average performance characteristics of the parachutes tested 
on the two successful runs are tabulated in Table 19.    Summary curves 
illustrating the performance are graphically shown in Fig.  42. 
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TABLE 19 

PERFORMANCE CHARACTERISTICS OF FIST TYPE 126 PARACHUTE 

RUN NO. vs tf cD X Dp,/Dp 
AVERAGE 

F mean max. 

47 1057 0.174 0.49 0.95 94.76 2.50 3.94 

51 1213 0.167 0.47 0.87 98.97 1.85 3.26 

AVERAGE 0.170 0.48 0.91 96.87 2.16 3.60 

Since the data were fairly consistent on both tests,  it is quite 
significant to note that the averages for this parachute type are lower 
for all parameters than for any other FIST Ribbon parachute configura- 
tion tested in the program.    The drag coefficient and the opening shock 
factor were both considerably lower than corresponding factors in other 
groups,   with the possible exception of the Conical Ribbon Type 125 which 
also had a drag coefficient of 0.48.    The opening shock factor (X) of 
0.91 was the average of relatively close factors on each test.    The sta- 
bility of the parachute,   which had an average mean displacement of only 
2.16 degrees and an average maximum displacement of only 3. 60 degrees, 
was significantly better than that of the other FIST types tested.    The 
maximum displacement at any time during the test was under 4.0 degrees. 
Inflation times in the two tests varied less than 0.01  second,   with an aver- 
age value of 0. 170 second.    The average steady state inflation of the para- 
chute was 96. 87%,   and only in rare instances did the maximum inflation 
reach 100%. 
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APPENDIX D 

ROTAFOIL PARACHUTES 

A. Introduction 

The Rotafoil parachute derives its name from a combination of the 
terms ROTating Air FOIL.    This type of parachute has a radial slot on one 
side of each panel converting the canopy into a system of sails causing rota- 
tion during operation.    The rotating sails are similar to airfoils and may 
provide a lift force acting in the same direction as the drag force of the para- 
chute.    The centrifugal force due to the rotation of the parachute increases 
its projected area and therefore enhances total drag force.    A low friction 
swivel is used at the vehicle attachment point to permit rotation without twist- 
ing the lines in the parachute system.    A more complete description of the 
Rotafoil parachute geometry and design aerodynamic characteristics may be 
found in Ref.   16. 

The basic gore layout of the B7-8-20 Rotafoil parachute in this program 
is shown in Fig.  43,  and Fig.  44 shows the sail geometry of the two varia- 
tions tested. 

B. Test Program 

Five tests were conducted in which Rotafoil test parachutes were de- 
ployed from the liquid fuel rocket powered test vehicle,   on the 10, 000 foot 
Free Air Test Facility track at Edwards Air Force Base,   California,   at 
velocities ranging from 622 to 853 mph.    The parachutes tested on the pro- 
gram were fabricated by Radioplane Corp.  from designs approved for test- 
ing by the contracting agency. 

Parachute failures during the early tests of this type dictated change 
requirements in suspension line strength,  vent reinforcing,  and confluence 
point assemblies.    The later version of the parachute was tested with these 
changes incorporated but severe canopy damage was incurred during infla- 
tion on these tests. 

Physical details and material specifications of the Rotafoil B7-8-20 
parachutes tested in this program are listed in Tables 20 and 21. 

C. Parachute Performance 

Successful operation of a Rotafoil parachute was not attained in this 
series of high-speed tests.    Suspension line and keeper failures occurred on 
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Basic Gore Layout 
Rotafoil Parachute 

the two tests made with the original 
B7-8-20 configuration.    Redesign of 
this parachute eliminated the structural 
weakness in the line system but tests 
with this modified version resulted in 
severe canopy damage.    Available per- 
formance data of the tests made are 
tabulated in Table 22. 

On parachute test run No. 26,  all 
suspension lines severed at inflation, 
approximately halfway between the 
keeper and the swivel coupling at the 
sled attachment end.   Although the para- 
chute was released prematurely and 
did not inflate immediately the test 
clearly indicated a structural weakness 
in the suspension line-riser system. 
This system was fabricated of two- 
ply-3000 pound T.S.  nylon webbing Figure 43 
with a two-ply wrap around keeper 
stitched to the lines at the confluence 
point.    Again on test run No.   32 this weakenss was evident.    At time of maxi- 
mum load the keeper failed,   allowing the suspension line-riser combination 
to separate.    As the parachute rotated the centrifugal force caused the lines to 
assume an ogival shape and cut themselves on the edge of the parachute com- 
partment.    Progressive failure,   illustrated in the photo sequence in Fig.  45, 
led to collapse and total destruction of the parachute.    The force and diameter 
ratio measurements obtained on this test are shown in Fig.  46. 

The modified version of the Rotafoil type B7-8-20 parachute,  tested on 
test run Nos.   55,   56,   and 57 incorporated suspension lines and risers of 1 
inch - 12, 000 pound T. S.  nylon webbing with an improved keeper of the through- 
line circular type at the confluence point of the suspension line-riser system. 
This keeper is described further in Appendix E.    The vent reinforcing band 
•was also structurally strengthened on the latter parachutes. 

Major canopy damage occurred when these parachutes were deployed 
at 853 and 698 mph.    The force and diameter ratio measurements during the 
inflation process are shown in Fig.  47,   and the damaged parachutes from the 
two test run Nos.  56 and 57 are shown in Figs.  48 and 49. 

As discussed in Ref.   16 the number of panels in a Rotafoil parachute 
has a pronounced effect on performance.    Parachutes with relatively few 
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b SLOT  BASE 
(EFFECTIVE SAIL SPAN) 

L.E.-LEADING   EDGE OF 
EFFECTIVE SAIL 

T.E. -TRAILING  EDGE OF 
EFFECTIVE SAIL 

n — NO. OF PANELS 

R NOMINAL RADIUS 

MODIFIED CONFIGURATION 
OF SLOT AND EFFECTIVE 
SAIL  AREA 

Figure 44    Elements and Geometry - Rotafoil Parachute 

panels normally have higher drag coefficients than those with a greater num- 
ber of gores.    Stability,  however,   must be slightly sacrificed to maintain 
the higher gain in drag efficiency.    This was illustrated in the Phase I tests 
of the Rotafoil parachute,   (Ref.   14,  Part I).    Unfortunately,   as the number 
of panels in a parachute is decreased the canopy stresses in the individual 
panels are increased.    This ultimately leads to a point where either the 
parachute geometry must be changed or stronger structural material sub- 
stituted.    Since none of the Rotafoil parachutes tested in this program oper- 
ated in the steady-state condition,   aerodynamic parameters cannot be com- 
pared within this series of tests or with the lower velocity tests reported in 
Ref.   14. 
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TABLE 20 
PHYSICAL DETAILS OF ROTAFOIL TYPE B7-8-20 PARACHUTE 

TYPE   OF   ROTAFOIL   PARACHUTE B7-8-20 
B7-8-20 
MODIFIED 

NUMBER  OF  PANELS, n 8 8 

NOMINAL   DIAMETER, D   (ft) 7.0 7.0 

SUSPENSION   LINE   LENGTH   (ft) 7.0 7.0 

GEOMETRIC   POROSITY,   X   (%) 20.1 15.8 

CANOPY   POLYGON   AREA,  S0 (ft2) 34.64 34.64 

VENT   AREA    (ft2) 0.41 0.41 

TOTAL   SLOT   AREA     (ft2) 6.63 5.06 

TOTAL   SLOT   8   VENT   AREA   (ft2) 7.04 5.47 

SLOT    BASE,    b    (ft) 1.50 1.0 

b2 

2.71 1.58 
SLOT   AREA 

EFFECTIVE    SAIL   AREA    (ft2) 12.21 8.82 

o 

1.474 0.91 
SAIL  AREA 

SAIL  SPAN     (ft2) 1.50 1.0 

SAIL  RATIO • -| = ^ 0.428 0.286 

~~, .r^,•   cA-r,^     TOTAL  EFFECTIVE SAIL AREA SOLIDITY RATIO = pQLYGON    AR£A Qp eANQpY 0.352 0.255 

CANOPY   MATERIAL TYPE m - 600 LB TYPE  HI - 600 LB 

SUSPENSION   LINE   MATERIAL 
1   x  3000 

DOUBLE   PLY 
1   x   12,000 

VENT   BAND   REINFORCING 1   x  3000 1   x  6000 

THREAD   SIZE 
(CANOPY,  SEAMS, 8   LINE  ATTACHMENT) 

3    CORD 
5    CORD 

3   CORD 
5   CORD 

USED   ON    RUN    NUMBERS 26 8 32 55,56 8 57 
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TABLE 22 

PERFORMANCE CHARACTERISTICS OFROTAFOIL TYPE B7-8-20 PARACHUTE 

RUN    NUMBER 26 32 55 56 57 

U UJ > 

Vs    AT   PEAK   SNATCH APPROX. 
1231 

912 
APPROX. 

440 
1251 1024 

V0    AT   PEAK   OPENING   SHOCK - 878 - 1240 1002 

D
YN

A
M

IC
 

P
R

E
S

S
U

R
E

 
R

S
.I.

 q8    AT   PEAK   SNATCH - 855 - 1695 1120 

Q0   AT   PEAK   OPENING   SHOCK. APPROX. 
28,000 792 - 1665 1072 

T
IM

E
 

IN
TE

R
V

A
L 

S
E

C
O

N
D

S
 

ts    DEPLOYMENT    TO 
PEAK    SNATCH - 0.366 - 0.192 0.215 

tf     SNATCH    TO   PRIMARY 
MAXIMUM    INFLATION - 0.154 - 0.098 0.112 

tm|    SNATCH    TO 
MAXIMUM   LOAD - 0.194 - 0.048 0.112 

UJ 
o w 
cc m 
O  -I C 

Fs    SNATCH   FORCE - 9,405 - 16,794 11.732 

F0    OPENING   SHOCK - 35,358 - 26,144 30,765 
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E
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R
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O
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E

R
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( Dp )m   MAXIMUM - 84.29 - 71.76 90.22 

(DP
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CD    E 
5  UJ 

MEAN    RADIUS   OF 
DISPLACEMENT 
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Figure 45     Deployment   Sequence - Rotafoil Parachute Type 
B7-8-20 (Test Run No.   32) 

88 



fM 
u> CO 
6    • 

E   £ o      Z 
     *• o 

° s JC  -_ 

$ x 
5     % 

c  o 

• 
CM             H 

K,? O        o 
o 

UJ o       °o * <3 (A 1 
o 

> u. CM 3       « Q: - 
m 

. «> 
£  

O   in 
0> 

8 
03 

UJ 
z 

lil _i UJ 

iio CM / K 
O / O o=z m 
S t U. 

O    'I   X 
u K J 1 

UJ 
Q. 

--— E s (4 

1 
1% 

^ «^ 
UJ -^ o </) a 
S 
/ 

^ 
\ H' s \ Q. 

i   —   — J 
/ 

Q
54

  
Q

56
  

Q 

)  
  S

E
C

O
N

D
S

 

R
o
ta

fo
il 

o 

< CM   -     ' 

D
IA

M
E

TE
R

  
 R

 

o 
1- 
< 
cr 

18
  

Q
50

  
OJ

E 

—
 T

IM
E

 

C
u

rv
e

s
 

UJ 
o 
or 

o 
S 

4-> 

3 3 8       Q 
O o 

UJ 

J6
 

Q
38

   
0.

40
 

0.
42

 

F
o
rc

e
 a

n
d

 

UJ 
z 

< 

\ 

z 
< 
1- 
z 
< 

z 
1 1 

_ d      NO 
.—• X) •<* 
o 

•,          ? """     c 3         O                                 O        C 3                                    U 3CJQO^*OVOCMOO^C 
OODUJ^W                                          10        ro       CM       CM       CM       —        — 

*             UUI    *   UU  /   U(J "                                         ^'    "                     t-*-"       labll   JJcJUd                           .** 

89 
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Figure 47    Force and Diameter Curves - Rotafoil Parachute,  Type B7-8-20 
(Test Run Nos.  56 and 57) 

H 

Figure 48   Damaged B7-8-20 (Modi- 
fied) Rotafoil Parachute 
after Test Run No.  56 

Figure 49   Damaged B7-8-20 (Modi- 
fied) Rotafoil Parachute 
after Test Run No.  57 
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APPENDIX E 

DEPLOYMENT SYSTEMS,  HARNESS AND HARDWARE 

A.       General 

Since the basic contract under which this program was conducted was 
a research and development program for recovery systems for missiles 
and target aircraft,  the deployment systems,  as well as the parachutes 
being tested,  were given prime consideration.    Experience indicated that 
failures in high-speed parachute operation were as frequently caused by 
inadequate deployment means as by parachute canopy design.    With this in 
mind,   several points are stressed as applicable design criteria for the de- 
velopment of a suitable deployment system: 

(1) A snug fitting deployment bag for housing the canopy and lines 
is essential to obtain an orderly,   controlled deployment and parachute 
inflation. 

(2) Forceful expulsion of the pack containing parachute and lines, 
by utilization of such means as blast bags, powder charges,   springs, 
etc. ,  is believed to be more reliable than other means,   such as pilot 
parachute extraction. 

(3) A pilot parachute is desirable to prevent excessive bag tum- 
bling during deployment. 

(4) Aerodynamic forces acting on a pack and pilot parachute com- 
bination are generally of considerable magnitude.    Without careful 
pack design, premature canopy and/or suspension line extraction may 
occur.    This often leads to failure,  due to the development of an ex- 
cessive snatch force or the super-imposition of snatch force on open- 
ing shock force. 

(5) Nylon parachute assemblies should be designed so that no rel- 
ative motion can occur between adjacent parachute components carry- 
ing significant loads.    Abrasion and friction heating is generated 
almost instantaneously in adjacent nylon assemblies under severe 
dynamic conditions.    This causes crystallization of the nylon fibers 
and frequently initiates local failure of the component and subsequent 
failure of the system. 

(6) Retention of the parachute pack in its compartment can become 
a major problem.    Aerodynamic loads and/or inertia forces on the com- 
partment cover and parachute pack may produce a premature deployment 
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and result in an over-all system failure. 

Three basic methods of parachute deployment were employed on the 
series of high-speed sled tests in the program.    They were as follows: 

(1) Forceful Expulsion - Rearward 

Rearward ejection of the parachute pack from a cylindrical com- 
partment, with the energy supplied by the explosion of a powder charge 
acting directly on parachute deployment bag. 

(2) Projectile and Pilot Deployment Rearward 

Deployment gun fired a projectile which removed the compart- 
ment cover and pulled the pilot parachute into the airstream.    The pilot 
parachute in turn pulled the main pack from the compartment. 

(3) Forceful Expulsion - Perpendicular to Airstream 

Vertical ejection of parachute pack and pilot parachute by means 
of powder charge and blast bag. 

In all cases,  the test parachute was packed in a deployment bag to ob- 
tain an orderly,   controlled deployment and inflation. 

A tabulation of the deployment method,  type of container and powder 
charge for each test conducted in this series is shown in Table 23. 

Early in the program,   test results indicated the desirability of making 
the suspension lines and risers continuous from the parachute canopy to the 
test vehicle attachment point,   eliminating the structurally weak assembly 
where suspension lines and riser lines normally were spliced.    This arrange- 
ment also permitted a considerably greater latitude for the design and fabrica- 
tion of the line keeper at the confluence point of the assembly. 

Three types of line keepers were used on the parachutes tested in the 
program. They are explained in detail in paragraphs C. 1, C. 2 and C. 3 of 
this appendix and were known as: 

(1) Four-line keeper 

(2) 'Octopus' keeper 

(3) Fixed-line circular keeper. 
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TABLE 23 

DEPLOYMENT SYSTEMS USED ON TEST PROGRAM 

DEPLOYMENT    SYSTEM 

RUN 
NO. 

DATE 
DEPLOY- 

MENT 
CHARGE 

(GRAMS) 

TYPE 
OF 

POWER 

RUN 
NO 

DATE 
DEPLOY- 
MENT 

SYSTEM 

CHARGE 

[GRAMS) 

TYPE 
OF 

POWER 

RUN 
NO. 

DATE 
DEPLOY- 
MENT 

SYSTEM 

CHARGE 
GRAMS) 

TYPE 
OF 

POWER 

7 5-8-53 RFI 30 1 26 7-7-54 GP3 2 S 45 1-21-55 GP3 2 S 

S 7-7-53 RFI 30 I 27 8-25-54 GP3 2 S 46 1-26-55 GP3 2 S 

9 7-9-53 RFI 30 B 28 9-10-54 GP3 2 S 47 2-1-55 GP3 2 S 

10 7-17-53 RFI 30 B 29 9-13-54 GP3 2 s 48 2-11-55 GP3 2 S 

II 7-21-53 RFI 30 B 30 9-15-54 GP3 2 S 49 3-9-55 VF4 55 B 

12 7-23-53 RFI 30 B 31 9-17-54 GP3 2 s 50 3-14-55 VF4 55 B 

13 8-5-53 RFI 30 B 32 9-20-54 GP3 2 s 51 3-16-55 VF4 70 I 

14 8-6-53 RFI 40 B 33 9-21-54 GP3 2 s 52 3-18-55 VF4 70 B 

15 12-7-53 RFI 40 B 34 10-14-54 GP3 2 s 53 3-21-55 VF4 70 B 

16 12-10-53 GP2 4 S 35 10-15-54 GP3 2 s 54 3-28-55 VF4 70 B 

17 12-15-53 RFI 40 B 36 10-19-54 GP3 2 s 55 3-30-55 VF4 55 B 

18 12-29-53 RFI 40 B 37 10-23-54 GP3 2 s 56 4-5-55 VF4 55 6 

19 12-29-53 RFI 40 6 38 II-10-54 GP3 2 s 57 4-7-55 VF4 55 B 

20 12-30-53 RFI 40 B 39 11-16-54 GP3 2 s 58 4-13-55 VF4 70 B 

21 1-18-54 GP2 4 s 40 11-24-54 GP3 2 s 59 6-2-55 VF4 70 B 

22 3-19-54 GP2 4 S 41 11-29-54 GP3 2 s 60 6-9-55 VF4 70 B 

23 6-4-54 GP3 2 s 42 12-17-54 GP3 2 s 61 6-10-55 VF4 70 B 

24 6-7-54 GP3 2 s 43 12-10-54 GP3 2 s 62 7-15-55 VF4 70 B 

25 6-9-54 GP3 2 s 44 12-14-54 GP3 2 s 63 7-21-55 VF4 70 B 

R- REARWARD    EJECTION 
V- VERTICAL    EJECTION 
F- FORCEFUL    EXPULSION   (POWDER   CHARGE) 
GP-GUN   S   PILOT    PARACHUTE 

I-CYLINDRICAL    COMPARTMENT 
2- RECTANGULAR    COMPARTMENT 

3-MODIFIED     RECTANGULAR 
4 - VERTICAL    COMPARTMENT 

B-BLACK   POWDER 
S-BULK    SMOKELESS 

The parachute attachment and severance device used on the entire 
series of Part III   tests was designed and developed by Cook Research Lab- 
oratories for use on the subject contract.    The unit,   capable of withstanding 
parachute shock loads in excess of 100, 000 pounds,   is described and illus- 
trated in Part D of this appendix. 

B.        Deployment Systems 

1. Rearward Ejection 

On test run Nos.   7 through 15 and 17 through 20 the parachutes 
were ejected rearward from a cylindrical compartment on the sled by 
the explosion of a charge of black powder acting directly on the base 
of the deployment bag. 
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The system operated satisfactorily with charges of 30 to 40 
grams of FFFg black powder ignited by Dupont electric fireworks 
squibs.    A diagram of the operation of this deployment system is shown 
in Fig.  50.    The parachute compartment shown in the photograph in 
Fig.   51 was  18 inches long and 12 inches in diameter.    It was fabricated 
of 5/16 inch 24ST aluminum and had a hemispherical cover of 0.032 
inch thick aluminum.    The cover was held in place by four 8-32 screws 
which sheared the cover material as the force of the explosion ejected 
the parachute. 

The parachute deployment bag used with this system was a canvas 
cylinder approximately 12 inches in diameter with a double ply cover 
sewed in the closed end.    The packing procedure and bag closure method 
is shown in Fig.  52.    No pilot parachute was employed with this deploy- 
ment system. 

Figure 53 shows the system in operation on run No.   15,   approxi- 
mately at the instant of peak snatch force.    The suspension lines and 
riser have been stretched taut and the bag is shown just leaving the 
canopy.    The canopy had not started to inflate so that complete separa- 
tion of snatch and opening shock forces was accomplished.    It may be 
noted that because of the height of the parachute attachment point above 
the rocket engine,  parachute deployment could be initiated during after- 
burning of the engine. 

2. Deployment Gun and Pilot Parachute 

On test run Nos.   16 and 21 through 48,   a projectile and pilot chute 
deployment system was employed.    The gun fired a two pound projectile 
aft from the sled.    The kinetic energy of the projectile,   acting through 
wire rope and/or nylon webbing,   removed the compartment cover,   and 
pulled the pilot parachute into the airstream behind the sled.    The pilot 
parachute,   attached to the pack of the test parachute with a bridle of 
heavy webbing and to the vent lines of the test parachute with a nylon 
break line,  pulled the test parachute pack from the compartment and aft 
from the vehicle.    Figure 54 diagrams the operation of the system,   and 
Fig.   55 is a sequence showing the system in operation. 

Several variations in compartment size and cover arrangement 
were employed with the gun and pilot parachute deployment system. 

The compartment used on test run No.   16 was roughly rectangular 
with dimensions 8 by 20 by 24 inches.    The compartment is shown after 
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Figure 50   Ejection Sequence from Cylindrical Compartment 
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the test in Fig.  56.    The com- 
partment cover was canvas and 
was fastened in position with 
metal snaps.    The projectile was 
connected to the cover with 3/16 
inch wire rope.    In operation the 
kinetic energy of the projectile 
tore the cover around its circum- 
ference rather than unfastening 
the snaps.    The pilot parachute 
was deployed normally,  but the 
bridles to the bag of the test 
parachute failed.    The bridle 

Figure 51     Cylindrical Parachute 
Compartment 

Figure 52     Cylindrical Bag-Packing Procedure and Closure Method 
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vm*. 

Figure 53     Typical Deployment from Cylindrical Compartment 

PILOT     CttUTt TtIT     »*«4CMJTI 

Figure 54     Diagram of Projectile and Pilot Chute Deployment System 

was fabricated from four strands of 2400 pound cotton webbing. 

The compartment used on test run Nos.   21 and 22 was the same 
one as was used on run No.   16,  but different cover attachment methods 
were employed.    The cover was metal and was held in place by a pair 
of locking levers,   as shown in Fig.  57.    The kinetic energy of the pro- 
jectile released the levers and the remainder of the deployment system 
was similar to that of test run No.   16.    A diagrammatic illustration of the 
lever release systems used on run Nos.  21 and 22 is shown in Figs. 
58a and 58b,   respectively. 

The pilot parachute riser consisted of two strands of 10, 000 pound 
nylon webbing and the bridle to the test parachute pack was fabricated 
of the same material.    In addition,   a deployment bag,  as shown in Fig. 
59,  was employed with the pilot parachute to separate snatch and open- 
ing shock forces of the pilot parachute.    The vent of the pilot parachute 
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was attached to the bag with 1000 
pound nylon and bag closure was 
accomplished with two ties of 3 
cord nylon thread.    This system 
operated satisfactorily. 

The parachute compartment 
employed on test run Nos.  23 
through 48 was operationally sim- 
ilar to the one used on test run 
Nos.   21 and 22 but was appreci- 
ably larger to accommodate more 
bulky test parachutes. 

The method of cover attach- 
ment employed on test run Nos. 
23 through 26 is shown in Fig.   60 
and diagrammatically illustrated in 
Fig.   58c.    The vertical bar on the 
cover fits in a slotted strap at the 
top of the compartment and is held 
at the bottom with a 10-32 machine 
screw in shear.    In addition the 
lock pin and strap arrangement 
shown in Fig.   61 was employed in- 
side the compartment.    The riser 
of the pilot parachute was con- 
nected to the locking pin so that 
the parachute pack could not leave 
the compartment until the pilot 
parachute developed considerable 
drag force.    This arrangement 
performed satisfactorily except on 
test run No.  26 on which the cover 
was released prematurely. 

The arrangement shown in 
Fig.   62 was installed for run No. 
27 and was used on all tests 
through test run No.  48.    An in- 
ternal locking arrangement similar 
to the one shown in Fig.   61 was 
employed.    Performance of the       Figure 55 

S«3 

Deployment Sequence 
Projectile and Pilot 
Chute System 
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system was satisfactory on all 
tests. 

The arrangement of a typ- 
ical test parachute deployment 
pack for the gun and pilot para- 
chute system is shown in Fig. 
63.    The suspension lines and 
risers are tied to the long flap 
with break ties of 100 pound ny- 
lon cord.    The canopy is con- 
tained in the closed part of the 
bag by means of closure stows 
until the suspension lines and 
riser have been stretched taut. 
Thus,  the possibility of snatch 
force and opening shock force 
occurring simultaneously is 
eliminated. 

Figure 56 Small Rectangular Com- 
partment after Test Run 
No.   16 

This type of deployment 
pack was employed for all test 
runs on which a pilot parachute 
was employed.    There were 
minor variations in size and con- 
structional details,  but Fig.   64 
gives representative details. 
The performance of this type of 
bag was very satisfactory 
throughout the test program. 

In the first three tests in 
which the deployment gun system 
was utilized,   a charge of four 
grams of bulk smokeless powder 
was used in the gun.    The re- 
mainder of the tests used a 
charge of two grams of bulk 
smokeless powder.    In all cases 
the charge was initiated by elec- 
tric fireworks squibs.    Pertinent details of the gun used to initiate the 
deployment system are given in Fig.   65. 

Figure 57   Locking Lever System on 
Small Rectangular Com- 
partment 
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Figure 58     Compartment Cover Release Assemblies 

3. Forceful Expulsion - Perpendicular to Airstream 

On run Nos.  49 through 63 the compartment shown in Fig.   66 
was employed to provide a parachute pack ejection normal to the di- 
rection of sled motion.    A typical series of sequence photographs of 
such a deployment is shown in Fig.   67. 

A theoretical study was made of the trajectory of a parachute 
pack with this type of ejection system.    Figures 68 and 69 show the 
theoretical trajectories for variations on pack weight and ejection 
velocity with an assumed vehicle velocity of 1200 fps.    Results of 
static tests indicated that it would be most desirable to conduct the 
sled tests with pack ejection velocities between 50 and 150 fps. 

This series of static tests was conducted with a compartment 
identical to the one installed on the test vehicle.    The compartment 
was fabricated of 3/16 inch 24ST aluminum plate,  was rectangular in 
shape,   except for the rounded trailing edge,   and had dimensions of 12 
by 24 by 24 inches. 

It was found necessary to employ a blast bag, or bladder, to con- 
fine the explosion in order to obtain the desired ejection velocities with- 
out serious burn damage to the simulated parachute pack.    Blast bags 

100 



Figure 59     Typical Pilot Chute Deployment Bag 

of several different materials such as nylon cloth and canvas of various 
weights were tested in the dummy compartment.    The final configura- 
tion of blast bag chosen from the static tests is shown with the test com- 
partment in Fig.   70.    Charges of 55 to 70 grams of FFFg black powder, 
ignited by electric fireworks squibs,   were employed to eject the test 
parachutes on the test runs made with this system.    Figure 71  shows 
the variations of ejection velocities for various charges of FFFg black 
powder with a pack weight of 25 pounds as obtained from tests with a 
compartment mockup. 

Line Keepers 

The necessity and advantages of utilizing a line keeper in an 
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Figure 60   Solid Bar Locking Lever Figure 61   Lock Pin and Stowage 
System Strap Arrangement 

Figure 62   Revised Solid Bar Lock- 
ing Lever System 

102 



Figure 63     Test Parachute Deployment Pack and 
Packing Procedure 
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Figure 65   Deployment Gun Details 
A-A 

optimum location in the suspension line system was illustrated in several 
of the FIST Ribbon parachute tests presented in a previous section of the 
report.    Primarily,  these units are required in the system to maintain the 
desired suspension line length to diameter (Ls/D) ratio for optimum par- 
achute performance and to reinforce the confluence point assembly. 

Three types of keeper were developed during the program, each one 
eliminating apparent faults of the preceding one as test velocities were in- 
creased. 

1. Four-Line Webbing Keeper 

The original webbing keeper,   as shown in Fig.   72,  was fabricated 
from a double ring of 1-3/4 inch - 10, 000 pound T. S.  nylon webbing. 
Four of the suspension lines were attached to the keeper to prevent it 
from sliding along the lines.    Parachute failures occurring with this 
type of installation indicated that this method of attachment often con- 
tributed to line failure due to unequal line load distribution or material 
crystallization caused by friction heating due to relative motion in the 
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Figure 66     Vertical Deployment Compartment 

keeper assembly.    Consequently,   this keeper was replaced on test run 
No.   28 with the configuration known as the  'octopus' type. 

2. Octopus Keeper 

The octopus keeper was used on all parachute assemblies tested 
in the program on test run Nos.   28 through 41,   except for the early 
model Rotafoil B7-8-20 parachute tested on test run No.   32.    This 
keeper consisted of a double thickness ring of 1-3/4 inch -  10, 000 
pound T.S.  nylon webbing with an equal number of lines of the same 
material as the parachute suspension lines looped over the ring, 
equally spaced and alternately faced in opposite directions.    The sus- 
pension lines are passed through the ring and attached to these keeper 
tentacles.    A typical keeper of the octopus type is shown in the photo- 
graphs in Fig.   73,  before and after installation in the parachute line 
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assembly. 

3. Fixed Line Circular Keeper 

The fixed line circular 
keeper was the final keeper con- 
figuration designed for the para- 
chutes in this test program. 

All test parachutes after 
test run No.   41,   with the excep- 
tion of the Rotafoil parachutes, 
were fabricated with this type of 
keeper installed.    All of the ad- 
vantages of the octopus type are 
retained with the added advan- 
tages of simpler fabrication and 
installation.    The basic ring is 
the same as the previous type 
but instead of the alternately 
faced loops of the octopus type, 
the keeper lines are fixed to the 
outer circumference of the ring 
and attached to each suspension 
line fore and aft of the keeper, 
and on the keeper itself.    A pho- 
tograph of the installed keeper is 
shown in Fig.   74.    This arrange- 
ment of keeper and lines provides 
for a generally equalized distri- 
bution of the loads being trans- 
ferred from the parachute through Figure 67   Sequence Photographs  • 
the lines and minimizes elonga- Vertical Deployment 
tion differences due to unsym- oystem 
metrical parachute loading.   Most 
significant perhaps is the total elimination of relative motion between 
keeper and lines,   which has often been found to be the initial cause of 
line failure due to subsequent friction heating and material crystalliza- 
tion. 

4. Rotafoil Keepers 

The Rotafoil parachute keeper used on the early B7-8-20 Rotafoil 
parachute was similar to the four-line keeper,   except that the retainers 
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V  =   1200 FT/SEC. = HORIZ    VELOCITY   OF    SLED 

W =    WEIGHT   OF   PACK   AND   PILOT   PARACHUTE 
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AND  18* PILOT   PARACHUTE 
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NOTE: 

OH   CURVE   INDICATE   TIME 

Figure 68     Theoretical Trajectory of Parachute Pack Ejected Upward 
from Sled for Various Pack Weights 

D. 

on the keeper ring were attached to two adjacent suspension lines in- 
stead of one.    This made a connection to all of the suspension lines 
although there was no restriction to the movement between keepers 
and lines. 

The later model Rotafoil parachute,  the modified B7-8-20,   was 
fabricated with a keeper nearly identical to the fixed line circular 
keeper,   described in paragraph 3 above.    Identified as the through 
line circular keeper this unit had keeper lines fixed to the outer cir- 
cumference of the ring,   and attached to each suspension line on each 
side of the keeper.    No attachment was made directly to the keeper; 
consequently some movement of adjacent components was allowed.    In 
the tests made with this unit installed there was no apparent damage to 
the keeper or lines in the vicinity of the keeper. 

Half-Ring Attachment and Separating Device 

This type of attachment and separating device was originally designed 
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Figure 72 Four-Line Webbing 
Keeper 

by Cook Research Laboratories engi- 
neers to be used on the high-speed 
parachute test vehicle described in 
Appendix F and has since been suc- 
cessfully applied to missile systems 
incorporating high-speed parachute 
recovery systems. 

The basic unit consists of three 
main components,  the vehicle attach- 
ment,  parachute line attachment and 
half-rings,   as illustrated in Fig.   75. 

Figure 73 "Octopus" Keeper 

The vehicle attachment end ties into the vehicle structure and remains 
with the vehicle after detachment is initiated in the unit. 

The parachute line attachment end is a mating part to the vehicle attach- 
ment with a provision for connecting and securing the parachute line ends. 
The face of the mating part is recessed on opposite sides to accept standard 
No.   6 blasting caps which are used as the separating force. 

The half-rings are installed over the blasting caps and mating attach- 
ment ends,   and are secured by small shear screws which hold the assembly 
firmly together until separation is initiated. 

Separation is accomplished by energizing the blasting caps which exert 
sufficient force to shear the screws and blow the half-rings from the assembly, 
This leaves the two attachment ends free to separate. 
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A number of these tests were 
conducted in which the half-rings were 
contained inside the stowage compart- 
ment after the separating blast.    Re- 
sults indicated that repeated tests 
could be made without damaging the 
interior of the compartment,   at the 
same time eliminating all danger of the 
half-rings flying into congested areas. 

Operation of these units has been 
consistent,   and functional reliability 
excellent throughout the test program. 
Designed for shock forces up to 100, 000 
pounds,  the unit has been subjected to 
frequent tests where shock forces ex- 
ceeding 60, 000 pounds were applied, 
with no apparent detrimental effects to 
the unit or its subsequent function. 

The swivel assembly used with 
the Rotafoil parachutes is shown in 
Fig.   76.    The assembly,   including 
riser attachment fitting,   weighed 26.5 pounds.    The unit was statically tested 
to a load in excess of 100, 000 pounds,   at which time webbing failure occurred. 

PARACHUTE    LINE    ATTACHMENT 
• HALF     RINGS 

VEHICLE 
ATTACHMENT 

Figure 74  Fixed Line Circular Keeper 

Figure 75     Parachute Attachment and Severance Device 
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-PARACHUTE    LINE    ATTACHMENT 

-SWIVEL   BEARING ASSEMBLY 

VEHICLE    ATTACHMENT 

Figure 76     Rotafoil Parachute Swivel Assembly 
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APPENDIX F 

DESCRIPTION OF TEST VEHICLE 

The test vehicle for this phase of the project was a ground-operated 
Liquid Propellant rocket sled designed specifically to be operated on the 
10,000 foot Free Air Test Facility Track at Edwards Air Force Base,   Cali- 
fornia,   for transonic parachute deployment tests.    Figure 77 shows the com- 
plete vehicle at track station '0' during test program,   and Fig.  78 is a three- 
view drawing showing basic vehicle dimensions. 

The power plant,   a gas pres- 
surized,   liquid propellant rocket 
engine was developed and manufactured 
for the project by the North American 
Aviation Corporation.    Maximum de- 
sign capability of the engine and pro- 
pellant system was a thrust of 50, 000 
pounds for a duration of 4.5 seconds. 
This was actually exceeded on several 
tests.    The maximum attained was 
4. 64 seconds of operation providing 
a corresponding velocity of 872 mph, 
or a Mach number of 1.11,   with an 
expended-fuel sled weight of 4000 
pounds.    All tests at lower velocities were conducted by shortening the dura- 
tion of maximum thrust.    Pr ope Hants consisted of a fuel mixture of 75% ethyl- 
alcohol (ALC) and 25% water,   and an oxidizer of liquid oxygen (LOX).    Total 
propellant consumption at a mixture ratio of 1. 3 LOX/ALC was 222 lb/sec. 
The fuel feed system was the pressurized type with gaseous nitrogen used as 
the main pressurizing gas and helium used as a precharge LOX stabilizing 
agent.    This helium precharge was done to avoid excessive absorption and 
condensation of nitrogen in the LOX tank during the starting and early burn- 
ing phases. 

Figure 77 Test Vehicle at Track 
Station '0' 

The cylindrical thrust chamber was of conventional design with a con- 
vergent-divergent nozzle section having a 3. 65 to 1 expansion ratio and the 
chamber-to-throat area ratio of 2 to 1.    Except for film cooling in the com- 
bustion chamber no added cooling provisions were made.    The injector as- 
sembly,   located at the front of the combustion chamber,   was of the triplet 
impinging type with two alcohol jets impinging upon one central oxygen jet. 
Initial propellant ignition was obtained with two integral alcohol-oxygen ig- 
niters fired by Aircraft type spark plugs. 
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A pneumatic control box,  located just forward of the rocket engine, 
contained solenoid control valves through which 750 psig nitrogen gas was 
supplied to all pneumatically operated engine control valves.    For this pur- 
pose,   nitrogen was drawn from an auxiliary nitrogen tank which was isolated 
from the main tank by a check valve.    The solenoid valves were actuated by 
a 24 volt battery carried on the sled. 

The propellant feed pressure system was used to expel the propellants 
from their tanks.    The heart of this system was the feed pressure regulator 
which was set to regulate the rate of propellant flow and hence the delivered 
thrust of the rocket engine.    The regulator was located at the forward end 
of the main nitrogen tank and reduces the 3000 psig main tank pressure to 
a nominal operating pressure varying between 400 and 600 psig.    The system 
was doubly protected from over pressurization by a 1100 psig burst-diaphragm 
set in the regulator,   and by relief features of the vent valve system. 

The main propellant valves and actuator assemblies were pneumatically 
operated,  double-blade type shutoff valves, which were located in the piping 
immediately between the propellant tanks and the injector assembly on the 
rocket engine.    The valve controlled the flow of liquid oxygen and alcohol to 
the thrust chamber. 

Figure 79 shows the basic structure of the vehicle before aerodynamic 
fairing was installed.    The main longitudinal member,  a 10 inch diameter 
tube of 1/4 inch SAE 4130 heat treated steel,  formed the backbone of the sled 
and served as the reservoir for the pressurizing gas of the fuel system.    The 
cross members,  welded to each end of the center tank,  were box structures 
of SAE 4130 steel.    The upright at the rear of the sled,   also of SAE 4130 
steel,  was a weld-fabricated I-beam section.    The top of this upright served 
as the attachment point for the parachutes to be tested.    To support the rear 
upright and to complete the structural rigidity of the sled,  a tubular diagonal 
member was attached between the top of the rear upright and the front of the 
main nitrogen tank.    This strut also served as the auxiliary nitrogen tank 
for all pneumatically operated engine control valves.    The structure was de- 
signed to withstand parachute opening shock loads of 100, 000 pounds applied 
at the attachment point at the top of the upright. 

The fuel and oxydizer tanks were 12 inch diameter tubes of 1/4 inch 
61 ST aluminum designed for working pressures of 600 psig.    They were 
attached to either side of the nitrogen tank with fixed supports at the rear 
and front supports which permitted longitudinal movement due to expansion 
or contraction. 
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/mm 
Figure 79     Basic Structure of Test Vehicle 

After initial dynamic tests with the basic structure,   an aerodynamic 
fairing was fabricated around the structure to minimize drag and reduce 
turbulence behind the sled.    Since aerodynamic calculations,   confirmed by 
wind tunnel data obtained in the transonic tunnel at WPAFB,  had predicted 
comparatively small loads on the fin section of the proposed design,  a multi- 
spar,   semistressed-skin type of construction was used.    Large,   hinged ac- 
cess doors were provided to the instrumentation and control compartments 
of the fins and nose section assemblies.    A camera compartment housing 
high-speed motion picture cameras was fabricated on the rear of the vertical 
upright over the rocket engine. 

One of the series of Schlieren photos obtained from the tests performed 
in the transonic wind tunnel at WPAFB is shown in Fig.   80. 

The slippers on which the sled traveled were designed by Cook Research 
Laboratories' Engineers and were typical of the type used at the Free Air Test 
Facility at EAFB.    They were fabricated of heavy heat-treated steel with sec- 
tional stellite pads welded to the inner surfaces to reduce frictional wear.   The 
slippers were designed to grip the rail in such a manner that upward as well 
as downward loads could be transmitted to the rails.    No lubrication was pro- 
vided. 
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A water brake,   developed by the 
Cook Research Laboratories,   (PR3-7; 
Ref.   15) and a water trough installed 
between the rails of the last 2000 foot 
of track at the test facility,   served as 
the braking method for stopping the 
test vehicle after each test run.    As 
the sled entered this portion of the 
track,  which slopes approximately 6 
inches over its length,  the scoop, 
mounted on the aft-under side of the 
vehicle,  picked up water and discharged 
it on both sides of the vehicle with a 
relative velocity forward.    The energy 
thus imparted to the water provided a 
braking force as a reaction on the test 
vehicle.    The intake shape was designed 
with respect to the track profile (slope) 
so that a constant braking force would 
be realized as the vehicle was decel- 
erated. 

The effective drag area of the 
faired sled with slippers and project- 
ing water scoop was approximately 6 
sq ft in the subsonic region and 13 sq ft in the transonic region. 

Figure 80   Schlieren Photographs of 
Wind Tunnel Test Model 

Instrumentation was carried in the test vehicle to record all param- 
eters essential in obtaining complete performance data for the vehicle as 
well as for the parachutes being tested.    A complete description of the sled- 
borne and associated instrumentation utilized in the test program is presented 
in Appendix G. 
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APPENDIX G 

INSTRUMENTATION 

The primary data recording instrumentation used on the test vehicle 
was a magnetic tape recording system designed and developed by Cook Re- 
search Laboratories,   Chicago,   Illinois.    In the early part of the program 
two eight channel tape drive mechanisms and associated signal converter 
units were used to record rocket engine performance parameters as well 
as parachute and sled performance.    When rocket engine performance char- 
acteristics had become fairly well established the tape recording system 
was changed to include one eight channel recorder with associated signal con- 
verter units and a dual power supply unit. 

The outputs of resistance type sensing elements such as strain gage 
tensiometers,  pressure gages,   accelerometers,   etc.,  were converted to a 
frequency modulated signal which was amplified and recorded on magnetic 
tape.    The signal frequency was adjusted to vary from 12 kc at no signal to 
approximately 16 kc at full scale.    A constant 10 kc signal was also recorded 
and served as a reference time base during playback of the record.    A block 
diagram of the instrumentation utilized to record parachute and sled perform- 
ance parameters on a typical sled test is shown in Fig.  81,  and Fig.  82 shows 
a typical oscillograph record of some of the quantities measured.    Figure 83 
shows the instrumentation compartments in the test vehicle with the dual- 
recorder instrumentation mounted in place.    The playback equipment is 
diagrammed in Fig.  84 and the photographs in Fig.  85 show the front and 
rear views of the playback equipment consoles. 

The important quantities measured for analysis of parachute perform- 
ance data and the sensing elements for the measurements are shown in Table 
24.    Various other gages were employed during the program to measure items 
such as tank pressures,   chamber pressure,  valve positions,   and other engine 
performance parameters. 

In addition to the 10 kc reference time base from the reference fre- 
quency oscillator,  a 100 cycle signal was recorded on both the magnetic tape 
and on the 16 mm film in the sledborne cameras.    This provided positive syn- 
chronization between the photographic record and the tape recorded informa- 
tion. 

An exact record of the space-time history of the vehicle on each test 
run was obtained by recording impulses from sled mounted inductive pickup 
coils as they passed stationary,  permanent magnets equally spaced in 50 
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Figure 81     Instrumentation Block Diagram 
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Figure 82     Typical Oscillograph Records 

foot increments along the entire 10, 000 feet of track.    In addition to being 
recorded on the magnetic tape these impulses were also permanently recorded 
on the sledborne camera film through a timing light circuit developed and in- 
stalled in the cameras by Cook Research Laboratories' engineers. 

Various motion picture cameras were used on the test vehicle during the 
program.    These are identified by type,  frame speed,   location on the vehicle 
and test run numbers in Table 25.    Sufficient illumination was present at the 
test site to allow use of color film at camera speeds up to 1000 frames per 
second.    Color film provided a much better record of events than simple black 
and white contrast,  but due to the long processing time required one of the 
sled mounted cameras was usually loaded with black and white film.    This al- 
lowed the examination of at least one photographic record a few hours after 
the test was completed. 

In addition to the sled mounted motion picture cameras a number of 
track side motion picture,   sequence and still cameras were employed on each 
test.    On a typical test run this included several individually panned cameras 
loaded with color film and operating at a frame speed of 128 fps,  a series of 
stationary high-speed motion picture cameras loaded with black and white 
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Figure 83     Test Vehicle Instrumentation Compartments 

film and operating at a frame speed of approximately 1000 fps,   a hand oper- 
ated sequence camera used to record a peak action shot and any still photog- 
raphy deemed essential.    The diagram in Fig.  86 illustrates the placement 
of photographic coverage on a typical high-speed sled test run. 

During the early part of the test program several burnouts were ex- 
perienced in the rocket engine injector and chamber assemblies.    Examina- 
tion of the oscillographic records revealed the excessive pressure pulsation 
had been present in the engine on all runs where rough engine combustion 
had led to engine burnout.    An automatic engine shutdown device  which de- 
tected rough engine performance and shut down the rocket engine was de- 
signed and installed in the engine circuit by the engineers of the Cook Re- 
search Laboratories Field Test Section.    This unit was designed so that it 
would count the pressure pulsations present in improper engine combustion 
but would not be actuated by the normal pressure variations in the rocket 
thrust chamber.    When a preset number of abnormal pulsations had occurred 
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Figure 84     Playback System Block Diagram 

the device automatically initiated the engine shutdown circuit and prevented 
eventual damage to the rocket engine.    A schematic diagram of the automatic 
shutdown device is shown in Fie.  87 
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TABLE 24 
TRANSDUCERS AND QUANTITIES MEASURED 

QUANTITY 
MEASURED 

SENSING 
ELEMENT 

RATED   FULL 
SCALE  OF 

SENSING ELEMENT 

APPROXIMATE 
FULL  SCALE 

OUTPUT   * 

LOCATION   OF 
SENSING   ELEMENT 

OR   COMPONENT 
REMARKS 

PARACHUTE 
DRAG 
FORCE 

BALDWIN  SR-4 
RESISTANCE 
STRAIN GAGE 
BRIDGE   TEN- 
SIOMETERS 

30,000 lb 
50,000 lb 

100,000 lb 

15 MV 
15 MV 
15 MV 

CONNECTING   LINK 
BETWEEN   PARACHUTE 
RISERS   AND   SLED 
ATTACHMENT. 

TENSION   LINK OF STEEL 
WITH   120,000 PSI   YIELD 
STRENGTH.  RATED   FULL 
SCALE LOAD CORRESPONDED 
TO  STRESS  OF 60000 PSI. 

IMPACT 
PRESSURE 

STATHAM 
P96-20D-350 

WIANCO 
3 PAD - 10 
( PI405) 

0-20   PSIg 

0- 10 PSIg 

20MV 

IV 

IN   NOSE    SECTION COM- 
PARTMENT  OF   TEST 
VEHICLE. 

NOT   USEO   AFTER    RUN 
NO.   48. 

ACCELERATION 

STATHAM 
A5A-I5-350 

STATHAM 
A5A-50-350 

± 15 Gs 

1 50 Gs 

20 MV 

20 MV 

ON  FORWARD    SPAR 
BULKHEAD   FACING   REAR 
CONTROL   COMPARTMENT. 
APPROXIMATE   LATERAL 
CG.   OF VEHICLE. 

TIME 10KC   OSCILL- 
ATOR 

INSTRUMENTATION 
COMPARTMENT 

SEE    TEXT 

POSITION INDUCTIVE 
PICKUP   COIL 

ON    LEFT    FORWARD 
SLIPPER    OF   TEST 
VEHICLE. 

SEE   TEXT 

STABILITY  8 
GENERAL PARA- 
CHUTE   BEHAV- 
IOR 

MOTION   PIC- 
TURE CAMERAS 

ON   CAMERA   COMPART- 
MENT ON   REAR   OF 
SLED   UPRIGHT 

SEE   TABLE 

« FOR   10V    INPUT   TO   BRIDGE. SUFFICIENT    AMPLIFICATION   WAS   AVAILABLE    THAT   FULL    FREQUENCY 
SHIFT   COULD    BE   OBTAINED  WITH   3.5   MV. 

TABLE 25 
SLEDBORNE PHOTOGRAPHIC EQUIPMENT 

RUN 
NO. 

CAMERA 

TYPE 
FILM 

FRAME 

SPEED 

TIMING 

LIGHTS * 
LOCATION COVERAGE 

1-37 

FASTAX 16MM COLOR 1000 YES 
CAMERA  COMPARTMENT 

UPPER 

PARACHUTE    INFLATION 

OPERATION    AND 

STABILITY    OATA 

BELL   8 

HOWELL 

70 G 

16 MM COLOR 128 YES 
CAMERA   COMPARTMENT 

LOWER 

PARACHUTE    INFLATION 

OPERATION    AND 

STABILITY    DATA 

38-48 

FASTAX 16MM COLON 1000 YES 
CAMERA    COMPARTMENT 

LOWER 

PARACHUTE    INFLATION 

OPERATION    AND 

STABILITY   DATA 

GSAP 

N-9 
16MM COLOR 

64 

1iooo*,c- "*' 
NO 

CAMERA     COMPARTMENT 

UPPER 
GENERAL   PARACHUTE 

OPERATION 

49-63 

BELL a 
HOWELL 

70 6 
16MM COLOR 128 YES 

MODIFIED    CAMERA 

COMPARTMENT 

BELOW   ELECTRICAL 

DISCONNECT 

PARACHUTE     INFLATION 

OPERATION    AND 
STABILITY    OATA 

GSAP 

N-6 
I6MM COLOR 

64 

1 ^j »tc. tip ) 
NO 

FORWARD   PART   OF 

PARACHUTE    COMPART- 

MENT 

PARACHUTE     PACK 

TRAJECTORY    DURING 

DEPLOYMENT 

»  100    CYCLE    LIGHT    IMPULSE    RECOROED    ON    FILM    AND   ON    MAGNETIC    TAPE    TO    PROVIDE 
RECORD    SYNCRONIZATION. 
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<> 

CAMERA   NO TYPE FILM 
FRAME    SPEED 

FRAMES  KR   SECOND 
REMARKS 

1 - 6 INt I6MM    saw 1000 STATIONARY-AUTOMATIC    START 

FROM    TRACK   RELAY 

'. 8 B a M 16 MM   COLOR 128 PANNED -  START   BY   OPERATOR 

9 EHS I6MM   saw 500 - 1000 PANNED-  START BY OPERATOR 

10 IIH 16 MM COLOR 24,64 , 128 STATIONARY- AUTOMATIC    START 

FROM   TRACK   RELAY 

II HULCHER 70MM    B aw 2- 4 PANNED - START   BY   OPERATOR 

12,13 EMS I6MM    B aw 1000 START  FROM   BLOCKHOUSE    (-3SECI 

14 es H 16 MM COLOR 24.64.128 START   FROM    BLOCKHOUSE (-2 SEC I 

PRESS 4x3   saw — ALL   STILL   PHOTOGRAPHY 

EHS   -   EASTMAN    HIGH    SPEED 
BIN-   BELL   8   HOWELL   MODEL    TOG 

Figure 86     Trackside Photographic Coverage 
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Figure 87     Schematic Diagram of Automatic Sled Shutdown Device 
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